roved | AMERICAN SOCIETY OF CIVIL ENGINEERS. 


CHNICA LP A P ER 


APPLICATIONS FOR “ADMISSION. 


diy 


other 


. are far 
mileage 
‘if all 


a a State 


ea ¥., by the Society of 
the use Vest Thirty-ninth Street, 
gs hea _ Reprints from this publication may be made on condition that _ 
ibtedly - © A 1 title of Paper, name of Author, page reference, and date of | 
ered as Class Matter, December 14, 1879, at the Post Office at New York, N. x. 
is nder the Act of March 3, 1879. Application pending for transfer of secend- class 
entry to Albany, N. Y., Post Office. Acceptance for mailing at special au aed ; 
of ser for in Section 1103, Act of 


1931, by the 


— 
—— 
il: 
— 
— 
— 
— 
— 
4 
fe 


PAPERS ND 


> 


Sept., Oct., Nov., 1930, Jab., ., May, Sept., Nov., 1931 Uncertain 
of La ‘Ola Line in Chile. W. B. Baunders. 


Sept., 1930 
‘Discussion. Dec., 1930, 1931 Closed 
Highway Location: General Considerations. — .Nov.,1930 | 


‘one Discussion ...... .Feb., May, 1981 Closed 


w of Water in Tidal Canals. Karl I. Brot . Dec., 1930 a 


.. 19300 
Design. of a Reinforced Concrete Skew Arch. Bernard L. Weiner. 


re: A Discharge ‘Diagram for Uniform: low in Open Channels. Murray 


Discussion he .-May, Sept., Nov., 1931 


vay: A Sy mposion. Feb., 1931 


veys for Swift River Reservoir ¢ Boston ropoli an Water Supply 
: _N, LeRoy Hammond.. . Feb., 1931 
of Ground-Water as Applied to “4 
Dams . “Arched Down J. Lambe rt Mar., 1931 


An Analysis of Are hes on Elastic Piers. J. Charles 


B. Arnold. ... Apr., 

oki 

... May, 1931 


Sanitary Engineering | i ‘ 


Herman Schor er. 


"Highway Construction Warren Sent. 1931 


roject. "Morris Mason..... Oct. , 1931 


VeilG 


Run-Off 
By 


Manufac 


Water 
B 
u 
—— 
Low-C 
B 
Ae 
z 

% 
Analys 
4 Se ne Kight-Mile Cascade Tunnel, Great Northern Raily 
o 

The 
By 
— 
Financing Street and Highway Improvements. R. W. Crum. By 
New An Ana 
Dec, 


| 


CONTENTS FOR ‘NOVEMBER. 


‘Dams During Earthqu: akes. 


estergaard, A m. Soe. ‘EB. : 


Closed 


low- Cost Bituminous 


DISCUSSIONS 
Analysi es by Distributing Fixed-End 


‘ 


ye wit 
By Eart I. Brown, M. ‘Am. Soc. 


By Andrew Weiss, M. Am. Soc. C.E. 
1375 


By y AL A, Eremin, Assoc. M. Am. So . 

Discharge Diagram for Uniform Flow in Open Channels. 


4 van Basin Standish Hall, and Ra E. Mackenzie .. 


Surveys for Swift River Reservoir of the Boston Metropolitan Water Supply. 


Frank C. Sellnow, Assoc. M. Am. Soc. C. E......... 
Flow of Ground-Water as Applied to Wells. 
0. W. 2 M. Am. Soe. doy 
Skew Arche on Pier 


Dets By Messrs. Reginald A. Ryves, G. S. 
ies John M. Kemmerer, Leonard L. Longacre, G. 


Manufacturing Concrete of Uni 


Messrs. Stanton Walker, and Bdward EB. Bauer. 


.—l 
— 
ila 
_ 

cna 

cost By H 

in 

— 

3; 

| 

1 Dec, 

1 Dee, 19 

— 

31 Uncertt — 

— 
— 


CONTENTS FOR, NOVEMBER 193 


‘pis By Edmund B. Besselievre, M. Am. Soc. C. B. 


By A. E. Holcomb, M. Am. Soc. C. ‘EB... 


By J.S. Dodds, M. Am. Soc. C. B.. 


For Index to al Papers, ‘the russ which 


ed 


“4 


‘The ‘Society is not responsible for any “statement or ‘opinion expresse 


_ following | page 1436 | 


“vibratic 


dicular 


— 
Fon 
— 
— 
-(Equat: 
approxi: 
mately 1 
{ Tellers on Second ] quake: 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


‘PAPERS 


_ WATER PRESSURES ON DAMS 
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ital 


Formulas are derived for the changes of water pressures during an earth- 


fa ‘straight dam with a vertical - up- -stream face. ie The 
in the earthquake are assumed ina a direction parpen- 
dicular to the dam. formula is. obtained involving a series of sines 
DINGS, (Equation (81). din This series, however, may be replaced with satisfactory 
a tpproximation by a simpler formula (Equation (49)). aA The results are also 


“expressed in the following manner: The pressures are the same as if a 


“certain body of water were forced to “move back and forth the 


_ while the remainder of the reservoir is] left inactive; Fig. 3 shows approxi- ; 
mately the shape of this body of water. r. The influence of the dynamic a action 


of the water is found to be neither e: excessively large nor pes et 


‘Remarks ConceRNING 


‘Two for added stresses i in a concrete dam an earth- 
“quake: First, the accelerations of the mass of the dam; and, second, the — 
changes of water pressures. If no fault crosses the site of the dam, one may 
assume for the purpose ¢ of ‘determining the accelerations that all points of : 
the > foundation have the same displacement, velocity, and acceleratio at the 
same tine; odatine the wave lengths of the main vibrations in the crust od 


the earth are so great that the differences of accelerations and the tiltings Zi 


of Theoretical and Applied Mechanics, Univ. of Illinois, Urbana, Ill; 
Bureau of Reclamation. 
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; 
the period of “tee vibrations | Gwith the reservoir 


empty) would be approximately 


sec. 
I,= = ——— =~ if the base were rigid? 


h B= = = 0.8. SH, the fo formula gives” ‘SEC. 5 for = sec. 


H = 200 ft. “Ona of the ‘elasticity of the base Ane actual period is. 
longer, but “remains a quantity of same order. In an a arch dam the 


er stiffness of ‘the : arches reduces the period, as ‘compared with 1 that given by 


ire Hence, since the period of free vibrations - the dam, am is usually a 


age ng OF 
fraction | of a a second, while the period of vibration, ! , of the earthquake may 
ae be assumed to be not less than a second® (1.35 sec. measured during t the gre: at 
i ~ earthquake in Japan in 192 3‘), resonance—with vibrations of the str racture 


he _ ordinarily, although the possibility of part resonance may well be investigated 


in some. cases of high dams, W hen the ratio, is. small, all points of of the 


alee may be assumed at each time to hale the same acceleration as the base. 
= the maximum horizontal acceleration is 4 a=a gi in which g = the accelera- 


ion due to gravity, the. ratib, @; a, is used as a measure of. the intensity of 
earthquake. The value, a a= = 0.1, appears. to be a reasonable one to. use 
: n investigating d dams founded on rock in ‘earthquake regions in the. United 


tin a slong! whod ors 


he dam i is transformed 


an equivalent ‘problem of states hy” ‘the’ inertia forces, 
expressed as mass ‘times the acceleration reversed (d’ ‘Alenibert’s® principle); 


that is, on each part of the dam weighing 1 lb. there is” introduced a hori- 
inertia force, opposite the direction of the accele ration and equal to 


; =€ lb. The ve vertical accelerations, which by ‘the nature of the phe- 


they are 2 ignored, pit ‘effect a the dead weight and 
the inertia forces may be described as follows: Each_ gravity force of. 1 
is changed into an inclined force, which has a vertical ‘component, equal to 


oy 
_* Ib., and | a slope relative to the vertical equal to a. If¢ a is not larger than, 


4 say, 0. = the effect i is nearly the same as though the dam were tilted so . that a 
line | that was horizontal will have a slope, a ry ‘he determination of the cor- 


stresses involves. no new difficulties. that have not already beet 


Handbuch der Physik, Vol. 6, 1928, p. The short occur only | whe 
‘enter of the earthquake is close. atdi-no wots 
4“ Effect of Earth Shocks on Structures.’ de Fr Am 
and Dise ussions, 1449, 


becoming large compared with those of the foundation—need not be expected — 


terms of 


WATER -PRESSURES ON DAMS-DURING- RARTHQUAKES--— Papers 
2.000 000 Ib. per sq. in., Cor 
needs 
-pressu: 
a | Th 
eee 
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in term: 
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needs attention, therefore, 


‘oid pressures during the 
4 seth gilt nd 3) ai ax 19) why wh = 
1 
rectangular co-ordinates ‘ana y as in 3 ‘the axis 


the undisturbed surface of the water, is directed 


n the stream, and is perpendicular to the plane up- face 
en by of the dam; the axig.o of y is vertical downward. 


acceleration due to gravity. Bewstions (10). 
weight of water per unit of volume. — (See Equations iii ae 
modulus of elasticity of volume of the water neornnee divided ra 


ucture 

pected 
‘igated 
= stress in the water = to the dynamic. positive as 

be combined with the hydrostatic pressure existing before- 
scelera- = ratio measuring ‘the, intensity of the earthquake = maximum 


horizontal component of the acceleration of 


period of horizontal vibrations of the foundation. 


amplitude and ‘maximum velocity of horizontal vibrations, of the 


Vv 


sformed velocity of sound in water. ATE 

* forces, ss a : length of waves of expansion ‘in the water when the period i is T. 
a = value defined by Equations (17), (23), and (32) (n = 1,3,5....). 


neiple); = maximum pressure of the on dam at the depth; y, 


a hori- 


the dynamic action, vibyd te odd 
aqual to Po = value of p at the bottom Y= 43) 
@Q = horizontal shear produced i ina stright sravity dam at t the depth 
the phe by the pressures, p. 
Q = = value of Q at the bottom (y = = 


sibly, be 


of 1b M, = value of M: at the 
1 to a 4 ,K = coefficients in approximate formulas (Equations (40) ¢ 
v= dimensions shown i in Fig. 


the gt _, Since the motions involved are small, the relatively | simple equations may. 
D 
ady | beet I be used, that apply 1 to sound in liquids.° These equations n may. be interpreted 
Lng all in terms of the ‘theory of elasticity: of nities as pauations of elasticity wi 
e ores acting on an. element of volume, dx dy are expressed in 
Soc. C. terms of the tensile stress, o, which must be superimposed on the hydrostatic 


rvoir , their influence on the ae 
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abscissa, x + da, exceeds that o on n the face with abscissa, x, by the amount, 


dy y dz The mass 
— its acceleration i (§ being dis- 
in the direction of | x) . Equating the force to the 
acceleration one finds the first of the following two equations: 

af 


4 


4 


Equation (2) to “motion in the of and applies by 
_ a third analogous equation, for the direction of z, need not be writ: 


, since only to the will be considered. 


esr 
to increase of volume ‘per unit of that it he con 


stant, k, is the modulus of elasticity of volume. ‘One may write, a 


comparison with 


general “equations: of Pha for fluids® shows that 


Equations (1), (2), and (5) may be assumed to apply when § and 7 are onl 


and when, i in the ratios of the produete, 


ect 


he (15), (16), and (20), 

these ratios are found to be of the order of the amplitude of the motions 


‘The fact that the water, when pressed by the dam, may escape vertically 


is important. os preliminary study in which this vertical motion is are 
be taried, will nevertheless throw some light on the 


, Equations (1) and ig Jo yroady 
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‘WATER ‘PR 


6 - Assume that the dam moves during the earthquake in a simple reer) 


motion with period, T, and maximum acceleration, ag, whem 


= 0, _T, or, ete. ‘This motion is expressed adi the equation, 


Rs 


», and Equation (6) are s yt ution,” 
= 


The quantity, Vs, is the velocity of the waves of expansion in the / water ; that 
is, the v velocity of sound (on account of the low frequency, these ° waves, of 


course, would be audible as sound). The oti: 


doy 


2.2 


a wal yen 


give v, = 4718 ft. per sec, ‘The value, Ve = 4714 ft. per sec., was sciuitiaai 


by Wertheim i in the Seine River s at the temperature ¢ , of 15 ° cent.* (2 eas 


‘The: term in Equation (8) containing the factor, B> in ‘fous. of the cosine | a 
represents waves moving away from the dam, while that containing the factor, 


Equations: (8) and (5) give for «= 0 (that is, the face of 


aximum pressure 
on the dam, that is, occurs at the time 


It i is noted that the nf: the 


greatest to the moving mass of when 
f= 0, Pe ‘The stresses in the dam due to the pressures, , and ‘the 


“Hydrodynamics”, by Horace Lamb, Fifth Edition, 1924, p. 
Smithsonian Tables, Seventh Edition, , 1921, p. 
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4% 


would have to be. combined in the e mant 


currents \ with a difference of phase of one- e-quarter | of he. period, 
rate mehr to Equation (7), the maximum velocity of the dam is, 


{ 


quation (12) “may | be ‘rewritten, the use Equation (9), i in tl he form, 


that is, when the waves move from the dam only, 


(12) (or, if one prefers, Zquation (14)), with the numerical | con- 


| in Equations (10), ‘and with a=0.1 and T=— sec., 


om ps 3.13 tons per sq. ft. i. On account of the freedom of the water to escape 
Ae vertically the pressures” are actually much less, and are ‘not distributed uni- 


formly through t the depth of the ‘Teservoir. A 
at 


must show the pressures in the water to be zero at the top. My 


A E quations "@), and (5), and, i 


addition, the following conditions the boundary: 


3) a9 cos , when = 0; and, 


ty converges toward 0 when a becomes large. 
In connection with Condition (1 “ noted that: when the values of 
are small, it. ‘makes. no a preciable, difference one specifies =0 
I 


e following solution will be. shown: all. ‘conditions: 


TY 
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ATER 


and, i 


(5), (15), (16), and (19) lead to the 


T] at the solution represented by (16), and (20) sfies 

"Equations eb) and (2) at all points is verified easily by. performing the. 
x ‘required differentiations with respect to t,x, and y. ye | Equation (5) i is satisfied 


: because it it was used in deriving Equation (20) from ‘Equations (15) | and (16). 
For urthermore, inspection of the expressions for 7 and shows immediately 
(1) » and (4)_ are satisfied. That Condition for 


is satisfied, is seen by comparing Equation for z= 0 
expression for 


n the present ‘application, u= 


‘Thus, all the specified are satisfied. _The applicability of the 


“defined by the solution, as well as heir derivatives with respect to. and 4 
"must be small At is necessary then to examine the possibilities of large 
One possibility is ‘identified with resonance in the» water ; 

— another v will be investigated by determining the s shape of the wave formed by 
4 surface of the water and vertical motions along” the up stream face 


WaTeR 


41 


use of this value Equation an may | r 


* See, for “Short Table of by; B. Second Edition, 1910, 


+ (8) 
J 
(14) sess, 
only, 
vie Hee — 
escape 
— 
e usec 
— 
al 
— — 
es =0 
— 
ap) 
? the waves of expansion (or waves of sound) represented by Equations 
8) and (9) have the wave length, 
— 
wind 


n= 1, 

iy is one-fourth of a wave length. “S his case is peer Wee to that of an organ pipe 


open at the top; one may “expect the the water to vibrate like the air in the 
‘pipe. That ‘resonance © ocours, is shown. by Equations (16) and (20); 5 they give 


infinite values of 7 


‘With: the period, Pot sec., becomes x <4 718 x a4 sec. =1 ft. 


a the m main n vibrations 3 in 1 the cathe are not likely to have a a pail 


s than 1 sec., this form of resonance need not be expected in any Project 


SHAPE OF THE Wave AND VERTICAL Motions 


les 


eae In actual cases the values of Cn do not differ greatly from 1. In examin- 


ing the vertical ‘displacements it will be permissible, to 
n= =1, In maximum displacement of t the dam : 


Condition 


Wo 
ul ave ft 


oe uw Short Table of Integrals”, by B. O. Pierce, Second “Baitio 191 ta 2, 94, and 
6, Formulas 681, 797, 813, and 814, on, 19) PP. 


Movemer 


within 
introdi 
influen 


and (5 


— 
and, 
— “at this 
— 
| 
when 
n (16) gives then phen t — 0 79 


~ =~" log, tan 


wat the = = =O; that is, 


at and n near r the only values of 
“ean 1 be shown to be small. 
when y= = 0. an 0.07854 = 0. 07870. For thee « and 


‘smaller values ¢ of x and one may a accordingly rey replace Siete: (28) an 


hood of this point. The solution, nevertheless, may very” adequate 


= 1.408 log 
o> Assume, exam at a = 


30) ¢ gives the: values shown in "Table 


7 y=0, OF feet) 


These computations show that the ‘region a about the point, 2£= =0 


: “within which. the displacements become large i is so ) small that nt dis 


introduced by the singularity at this | point can have only a negligible 


_ influence on solution as a solution in n Equations (15), (16) 
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-with the substitutions, u=e a ,U finds, 
_ &@ at this point, and the condition that the displacements and their first deriva- he ae ae 

0 

ives 

Movement 0.724] 0.511 0.363]0.299| 0.233 
— 

82, 94, and _ 
found), and therefore may be accepted as applying to the 


eee 
in which, as before, qua ation (1), and the 


‘he gt at bottom of the 


law 


+ 


PRESSURES oN Dam DvE' To 
Fig. 1 shows the ouvieal shape of the diagram of the pressures, p. “Aeon 
Equation the | derivative, —, is infinite when 4 y= and z a 
hen y = hs ‘that is, , the curve for Dp has a horizontal tangent ‘at the top and 


vertical at the bottom. Items + and of Te T able some 

numerical values of the ratio, -22 and of po computed from Equations (32) 

he is seen to vary slowly’ ‘with h. In the case of 


h = 600 ft., T = ‘see. (we 200 ft., T= = c.), the at the 
BE) . pa sotighes oT 9 en deat im 


depth, y y= was found 0.814p5 


= 
lil 
5 
4 
t] 
obtaine 
— 
— 


Ace ce 


| 


nd zero 


for h= 300 


8 DURING E RTH 


To THE ‘Perron, 


= see, 

T=1s and h = 


Coefficient: of 
P at Pp when « a= =0. : 

Coefficient shear, - Qo_ 
fe we i : 


Moment at bottom, My when a = 0.1 


025533] 0.025507 0.025282 


from (40), 


» (42), (48), and 


moments by ‘the loads, sections of the dam 
when the dam functions a as a cantilever (gravity dam) ‘The shears are st ated 


ag force pe per ‘unit of width of the cantilever, for example, i in tons per foot, and 
the : moments are stated as moment ‘per unit of width, for example, in foot-ton 


per foot (or simply in tons). The shears, Q,: at the depth, and Q., 


depth, h, and the M, at the depth and Mo, at the depth, are: 


and ii 
— 


ith the n 


8 


eee 


values of the ratios, 


and (39), are stated in Table 2 


For the purpose ‘of approximate computations one might replace the 


gram of pressures in ‘Fig. by a quadrant of an ellipse (see Equation (50). 

‘derived subsequently) ; becomes a circle ‘when drawn to some par- 


wh ich 
variati 


appear; 


presentation is ‘gbtained, 


by oh the curve in ‘Fig. 1 by a parabola with vertical. axis, 
in Fig. 2, even if this parabola has a sloping: tangent at the bottom 


The parabola leads to the following simple formulas, in which, i is a 


_ 4 


¢, might be determined so that po Will have the value com- 


of p pressures asa by C 80 ‘that the moment 


have the value ‘computed from 


Table 2 (Item 7 ) shows some numerical v: rabies of It is that 
dimension of Cc is force per unit of volume; 0. multiplied by ah gives the | 


The coefficient, varies slowly within the range considered. For quick = 


estimates one may very well assume some constant value of (; for example, 


= atin 


310 ft. < 540 ft.: girs 


540 ft.<h< 680 ft: 


‘which, apply approximately within the Tange. main source of of 
variation of C is the ‘constant, ‘defined by Equation (32). with n= c 
appears in the denominator of the first term of each of the sums in Equations: 


(35) and (3 39). Itis reasonable, therefore, to try o out an  peezinanty formula 


of the type, C = , in which, K i is a coal’ 


io 


— 
— 
— 
— 
.39) 
.(39) 
— 
— 
— 
» 
par 
i 
ritten, 
cal axis: The values of K shown in T tet awode 
bottom \ “he values of K shown in Table 2 (Item 8) were computed from this. formula — 
by using the values of C in Item 7. Inspection of these results shows that 


one the wali, K= = 0.025 5 


cient, in Equations (40), is with satisfactory 


th 


‘ ‘The following approximate 1 formula for the maximum water pressures, | 


be added to the hydrostatic pressures existing before the earthquake, repre- 


sents the main conclusion this it is obtained 1 directly 


Equations: 40) and (48): 


0.0255 ton- viy 


ie ' ick computations, however, Equations (40), (44), (45 dua’ 46) may ex 
Values of the coefficients, and obtained by use of 
Equation (49), are sated as Items 9, 10, and 11 in Table 2. OA comparison h 
with ‘Ttems” and 5, -Tespectively, that the approximation oem 
By using a quadrant: of an (as suggested under “Derivation € 
ne obtains» the following approximate formula by a similar to ‘The 
(50) ond 
of the total 
slightly too large ‘of Do and o, and is 
is noted that pressures, oceur when t= 0, or, ete, that is, 
| 
That is 
diagran 


When, during the vibration, the dam is in the extreme position up stream, — 


& the pressures, D, are reversed and become tensions. _ These tensions, | like the § 
pressures in the extreme position down stream, are to be combined with the 


hydrostatic pressures existing beforehand. — Inspection of the numerical values 


in Table 2 shows that when the pressure of ‘the atmosphere i is included, there 


is no prospect. of the resultant stress in the water becoming either a tension 


= 
m_. 
9) ce 

— 
— 

— 
(45), ar 
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APPLICABILITY or ForMutas To Cases Orner THAN THose AssUMED 


form ulas were derived under the that there is no overflow. 
In case of overflow over a . spillway it is suggested | that Equation (49) be used : 


with the depths, h and y, measured from. the plane surface of oa reservoir at 
1 distance behind the. dam. 


used as before, only the top is cut off. | 


While the formulas were derived under the assumption that th up- -stream 
- ace is a vertical plane, they will furnish an indication of the pressures whic oe 


in other cases, for example, in the case of —_ dams 


Bovy or WATER WHicH BE Constwenep 


To Move WITH THE Dam 


To visualize the dynamic action of the water on the dam, one may ‘think | ve 


of a certain body of water as $ moving with the dam while the remainder of 


the reservoir remains inactive. re. For this purpose the body of water moving 
the may be ‘imagined as frozen into horizontal layers of ice (the 


- expansion by freezing being ignored), while the he remainder of of the reservoir is 
ptied. . The layers of ice are imagined to support one a another by ver vertical — 


via forces only, without friction between the layers; t the layers are | attached firmly ; 
to the dam, ‘so that the dam will exert the horizontal forces necessary to move > 


them back and forth with it. The : advantage of picturing the | action in this. 


manner is that the forces exerted on “the -stream face cof the dam will: 


be represented as inertia forces like those 


he den: of the -body of water or ice thus considered to move » with the 


sponding 


+ 


That is, the shape of this body of water or ice is. same as of, the. 


"diagram for . when the pressures are laid off to a proper scale. 


a ae It will be sufficient for the present purpose to determine b by one of the — 
tream, for p ; for example (compare Equations (40), (44) 


ice define by Equation (58). 


— 
to 
om 
— 
— 
49) | 
lek! 
| 
nof ji. 
sures actually exerted by the water due to the dynamic action. With b denot-  #§ 
a“ _ ing the dimension of this body in the direction of x at the depth, y, the cor- -. fee 
(50) Tesponding mass per unit of area of the up-stream face of the da 
and the corre inertia force when the acceleratiffs a 
gives becomes which must be equal to p. One finds then:  ## $$$ 
| 
3 shows the body of water « 


ESSURES ON 


mass. if the concrete weighs cnt 


The curve in ‘Fie. 3 indica of conerete, the body 
of ice that was described, it should be imagined as divided into layers resting 


on one another without friction. The picture then ‘represents no addition to 


strength of the dam, but a proper addition to the 


localit 


IG. 3. oF WATER WuIcH MAy Be CONSIDERED TO MOvE WITH Dam. Cu URVE 
SHows EQUIVALENT Bopy OF CONCRETE. — 


=f This study was made in ‘Denver, Colo., at the United States Bureau of 


4 


+ 


"Reclamation. in ‘connection with the design of ‘the Hoover Dam, during a 
leave of absence of the writer from the University of All the: 
We ew designing work of the Bureau of Reclamation As done i in Denver, 
at De nder the general supervision of J. L Savage, M. Am. Soc. ©. E., Chief 
Designing Engineer; all engineering and construction are under the general 
R. F. Walter, M. Am. Soe. C. E., Chief Engineer, with headquarters 
i; in Denver; and all the activities of the Bureau are under the general charge 
ne Elwood Mead, M. Am. m. Soc. C. E., | Commissioner, with ual 


location 


Politics 
br 


Prese 
Discussic 


Instead o having the san — 
0 
destruc 


WESTERN HIGHWAY PRACTICE, 


REFERENCE TO CALIFORNIA' 


POPE,? M. AM. Cc. E. 


eld of | highway is widespread and 

locality offers. ‘so many varied ‘problems that it is only possible to cover a 

small part of it, The: writer, therefore, does not propose to cumber the already 

_ voluminous literature of highway engineering with repetitive descriptions of 

_ problems: or ‘the methods used in the solution of problems already commo te 

to highway engineers from their own experience or reading. — gl 
tains an outline of the methods used in so ving certain construction problems 


7 of a nature unusual to Eastern terrain and to indicate some of the con- 


. trols which have be been applied i in ‘the Western States to those forces of sag 
Which, unless properly eurbed, are destructive to the works of Man. 


oy. - While the general theme of this p paper is devoted to construction moe 

o insure protection against stream erosion and floods, cloudbursts, . 

estructive action of the sea, the writer has also presumed to ity riety 

upon. the subjects of highway financing and of clearing right of way 


to > construction. 299 sed 


Qu 


aye 


all problems facing the Western States, that of finance is etree the 
“most serious 


locations the stretches of country on which no local need of 
Political weight ‘urges the expenditure of funds, and the expensive grading 


bridge construction which often “Tecessary for even the ‘most 


elemental road construction, | place upon | Western an oe a serious 


1 Presented at the meeting of the Highway Division, Sacramento, Calif., pee. oe 


on this will be closed in February, 1932, 
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ve Competition in in high ideals i in Toad: design and con- 


a has necessitated an orderly procedure in “the use of. such funds aes 
Western highway engineers now realize that no highway. system will aia 


be entirely | completed, but that it will be added to, rebuilt, changed, and > 
sa improved to the advancing needs of traffic farther into the future than any 


man can predict. 4 Through the gasoline tax “a source | of steady “income, 
automatically adjusting itself to the finances ‘required, has been set up, thus 
enabling construction programs projected from 10 to 50 years into the future 


oe 


a to be outlined witha moderate assurance that ‘they will be carried forward. 


Whether a gasoline tax imposing a moderate tariff on motor r vehicle owners: 
-will furnish sufficient: funds to. meet the demands of highway users, without 


1eavi 


the assistance of bond issues, is a question which time will answer. — Le : _. 


2 


The application of the budget plan of expenditure, however, ana the 
assertion of the pr principle of preferential road construction founded on a s tudy 
of the economic: and engineering justification of each road under considera- 


tion has done much to clarify the allotments of funds in a rational 1 manner. 
me In 1930, | California began planning its road expenditures on m the basis of 


en eeds of the succeeding ten ‘years, in actual: definite projects, and the 
State authorities have been looking ahead very much farther than. 


-Present- day highway, engineering literature devotes itself quite completely 
to problems such | as ‘soil studies, drainage, paving design, and similar sub- 


jects relating possibly more to ‘the ‘highway already graded ‘and constructed i 


under average conditions than» to the highway in process of. construction. 


Many Western highways present additional in interesting construction problems ‘ 
hich have possibly. not been given much attention. Among the first of 


these i is the clearing of the right of way previous to construction. es. oi a 
_ The problem of clearing b g brush a and trees of medium size and thickness of 
_ growth is ‘not ‘unusual is in many States. Such conditions as those encountered ; 
in the Northern coastal highway construction are, however, somewhat unique. 
Not « only does ‘dense undergrowth occur, trees of v very” large size, both 
standing a and ‘prone, which must be felled or cleared away. ‘Normal clearing 
i 
costs where moderate ‘sized trees ‘and scattered underbrush are to be removed, 
may be stated as about $250 per acre. In the heavily 1 timbered country "of 
the orthern coast, the clearing, ‘may be. as hi gh | $1 200 t to 
Clearing may include grubbing and the of all stumps. in _the case 
of trees prone to rotting, but i in many cases redwood stumps. are not “removed 
- because of their known long life. he Where stumps are removed, the allowance 
which must. be. made in ‘excavation computations holes, is 


often matter. of considerable moment. 


rees of moderate size are pulled in handling trees 


r, other methods are used.” The organization for such 


work 
“bloc 
th 
Fi 
cuts 
= 
sudde 
|' 
‘syster 
are pi 
heavy 
over 
r 
Piles, 
Burks 
4 
habits 
by ag 


letely 
sub- 
“acted 

ction. 
yblems 
rst of 


of 


ntered 


nique. 


3; both 


jearing 
moved, 


of 


holes 


ia 


ESTER | HIGHWAY PRAO 


; crews. Trees” which can not be with 
the “falling” and the stumps are afterward blown out or blasted 


removed i in sections by the “blocking” ¢ 


Falling is somewhat of a problem when numerous trees” ‘more 
200, ft. in height and averaging 12 to 16 ft. in diameter must either be felled Hi 


+ in a 100-ft. right ‘of way « or must be dropp ped § so that they will not injure - trees 


which are the right of work of falling is usually: done by 


heavily axes, after which the is cut with | cross- 


nk i throu 
cut saws. During the sawing, wedges are driven into the saw- cut to prevent the seo . 
Ve > 


tree from pinching. the saw and to insure falling in the p ‘proper direction, as 


that the, ultimate skill of the “faller” 5 exercised. 


Following the -“fallers,” the “bucking” crew 
cuts it into merchantable with drag saws. stumps are 


sr} 


averaged about $6. 50 per stump. 


‘yea’ 


Wes 


(Gome of the more unusual elements. against which it is to 


eam channels, due, 

to furnish lft against consist. either of: 
system of “dips” or depressions in pavements, which permit a temporary 
: overflow ac across the pavement. _ By means, of these structures the pavements 
protected, from ‘scouring by means s of overflow aprons and cut-off walls; 

ora system of channels and. deflecting dikes 1 which , ‘pick up the broad but 
= flow occasioned by. cloudbursts and conduct it through control channels 


rip- -rap, sheet- -piling of wood or eon- 
or other bulkheads, groynes of or steel, jetties, 


Protection against moving dunes is generally by a study of 


habits and ‘movements, Some may | be gece by a change of location, others 
by. wind action or with the 


on- 
ver 
and 
ners 
— 
the 
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— 
nner. - 
1 the one project it was necessary to remove about 1 800 trees larger than 
in. in diameter and ranging up to 18 ft. in diameter. The cost of clearing 
standing timber, while stump removal 
ate 
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far as the writer observed, there is no cure for ear 
except use of a suitable ‘number of 


rock, and solid construction of all fills in country. oe iit 
i | Hat Flood Protection.—The character of structure which may be used | with 


a success in flood-protection work is determined partly by the volume of water ‘ 


to be handled and partly by the soil, sand, gravel, or other 


débris transported by the flood. 3 shia! dois 


if Py 


more common of the most floods i in the West occur i in arid 


and sandy regions and are usually accompanied by - the | transportation of con- 
siderable quantities: of sand. ‘many cases, this prevents solid ‘structures 
eis from being used successfully because of lack of solid foundation, or it makes : 

them useless for the reason that stream beds” are filled up and changed. 
There has been considerable use, therefore, of structures of a type which are 

flexible or which may be ‘easily replaced. 

Brush and Wire I Fencing. —Among these is the brush and wire fence ‘con- 
“ structed of two rows « of galvanized-i -iron pipe ‘driven deep into the sand parallel 
with the stream. . This type is shown in Fig. 1, which is designed for bank | 
protection in slow-flowing streams through sand and ‘gravel. Fencing of wire 
$a ~ mesh is fixed to the 1 pipe to retain the brush which is placed between the e rows 
fencing. The brush is weighted down with stones to insure its settling 
nd to fill any washouts which 1 might ‘occur under the fencing. panes ots “ti 
The California Division of Highways has developed a very definite system ds 


of installing this type of fencing. / Galvanized-i iron pipes | 2 in. in diameter 


d 5 ft. apart in line and strongly - braced with 2-in. . pipe both laterally 2: 


ead ‘in line with the fencing which consists of heavy wire mesh. T he | 


"parallel fencing i is usually | placed at a distance of 9 24 to 5 ft., and the interven- — 


ing space is filled with alternate laye ers of willow brush and stone. A lay 3 
of brush, a4 ft. thick, will compact to a layer, 1 ft. thick, when tamped and : 


bi $ 
aded with sufficient stone to hold it down. 


variation of the willow and stone filler is the use of “stone- filled 


“sausages” ’ of wire mesh, which are laid on ‘top of each other between rows of 
Naturally « any break in the wire easing, however, 


Another common practice is the construction of mats = wire mesh an 
eobbles. The slope rst dressed to an ‘even surface on a sloy e of aboill 
1 on 2, and on it is ‘aid a section of wire mesh with tie- -wires: at suitable 


Ee intervals. A coating of eobbles, 4 in. or 8 in. t ‘thick, is ‘then laid on ‘the mesh > 


second “mesh: ‘panel | is wi red ‘down with the wires on top o of the 


intervals and wiring mats” in It is also” ‘necessary that the. mats 

extend over the stream bed sufficiently to blan et any possible areas ‘of scour. 
_ This construction gives a flexible mat which, to a certain extent, will follow 


c= any undulations: which may occur due to -washouts. Tt hes been extensively 


nsed in storm- -protection n work i Los An 
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any great extent by. the organization. “cost. am: as 
25 cents per sq. ft. Fig. 2 is a view of a ‘section of wire- “mesh filled 
co gravel to protect banks of gravel and sandy soil in Southern California. a = 


The type is effective ‘to withstand intermittent floods that carry boulders: i 


Concrete 


are the slope height and the character of the detritus ‘carried by the stream. 
i some localities it has been found desirable to make the thickness of walls 
- more than | 6 in. in order to resist the action of large ) boulders | bromgnt di 
floods, but i in ‘most cases a thickness of in, sufficient. 


The cost of reinforced conerete slope p paving varies with the local con- 
‘Whines? but experience in California ‘shows it to average 25 to 30 cents per Be 


sq. ft. ‘for’ 6-in. thickness and 20: to 25 cents per sq. ft. for 4in. thickness, with- ae 


 detties. —Deflecting jetties ‘constructed of piles \ with wire mesh, 


or barbed 


wire nailed to them, 0 or of stone- filled planking, we were at one time considered — 


confined largely to the northern part of California where ‘the character of of the 


"stream bed is more stable than that in the southern. part: and where the p possi- 


bility scour under the fencing is remote. _ When properly constructed, 


jetties: prevent bank erosion and are of considerable value. example 


Tetrahedrons.— —Where the character of ‘the detritus ‘carried by t the streat 


= 


ist rather light, such as s the Colorado River silt, or fine sand, the use of skeleton - 


tetrahedrons| steel or concrete has been found effective for strear 


deflection and bank protection. — These tetrahedrons are placed in line across ig 


a point that is giving trouble « due to scour and are usually, anchored with» 
cables to insure their, being ‘maintained in position... Their function is. to 


in the eddies back of they have very successfully in 


_ Those used | on the Colorado, River by ‘private in interests — 


‘in large ‘stream where other means had “not been 


x 
obstructions one after another down which caused the 


process. to begin at once and preve ted furt 
On highway work, row of reinforced 


~ been Placed to ¢ deflect the stream on ‘the Ventura River was the means of 


saving a considerable > section o of the Francis Dam disaster 
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a | Slope Faving.—Uoncrere slop 

i r n on California highways. It is usual to place a : — 
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—In one location 


vily baskets, 7 ft. § square, and of varying 


fi Ewire cable tie looped around 
in end baskets and wrapped 
around large rock ineach 
Intermediate basket 
Galvanized 
Wire Strand. 


\_Excavate triangular 


in which to base riprap, 
‘ 


’ 
ston 


TYPICAL ‘PLAN NORMAL TO SLOPE 
7.—Basker Rap AND WIRE CABLP TIES 
with tone,’ were installed under plans made by the S. Bureau of 


Public Roads. a x typical plan and elevation are given in Fig. 7 and approxi- 


mate quantities are listed in Table 


y 


FABLE “1 ROXIMATE QuantITIES IN Rip-Rap Baskets 


Rip-rap capacity, in cubic yards........... 
_ Weight of wire mesh, in pounds 
Weight of wire ties, in pounds. 


paving of hand-placed stone with appropriate toe-walls has been 


extensively constructed in a number of suitable locations. On 1 many streams 


= use of considerable has been advantageous asa 
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One of the most unusual problems ir in California i is the vitals eine 


against © cloudbursts. It is the opinion of many engineers that these occur = 
mately the same 


‘many localities the hills mountains ‘are denuded of any 


‘which would retard the flow of water, the of water. to be handled 
are very large and the run- off i is very Tr: apid. The water often appears without Ver 


previous intimation that a « cloudburst has occurred. The first: knowledge 
which the observer has of the approaching ¢ danger : is the appearance - of a wall th 


of water and mud sweeping down the | canyon, The method pursued i in the past — ion 
” 


was to construct paved “dips” | locations where the profile indicated 


that storm or cloudburst run- sll were usual. T his, however, proved unsatis- 
factory in many cases because of extreme scour which occurred at _ the ove 


flow aprons, and also the great expense of cleaning débris from the dips: and aoe 
i 


roadway after each storm. Tt seemed pr impossible to: check ‘the 
velocity of the wa e pavement, cu 


or by the use of water cushions. 


usual formation i in sections where cloudbursts~ are the 
presence of flat débris « cones issuing from the. canyons: (or other sources | from 
which the water comes) and spreading out fan- -wise into. the lower lands. 
Taking advantage of this condition, the State has adopted the system, formerly — 


used by. the Atehison, Topeka and Santa Fé Railway Company, of constrt 
ing pick- up channels or dikes across the drainage lines of the débris cones . ae 


such a | manner as to secure greater velocity in the channels than is afforded ss 


by the general slope of the cones (see Fi ig. 9). ‘The channels, of course, must : 


A: 
be located close enough to the highway to prevent. any considerable quar ntities Lat 
of water falling between the intercepting system and the highway. 
results thus far tained have been extremely satisfactory in restraining all 
the water from crossing the highways, except at certain designated ‘poir ts, 
known as controls, where wooden trestles are constructed along the highway ae 

for the passage of streams, The system of drainage thus developed has giver 
rise toa nomenclature for its various parts. ‘The source of the water 1 


usually designated as. the ‘ ‘cone,” ‘the n main dr rainage channels as | “ditches,” 


4 


feeder channels as “sub- ditches,” and the outlets at which | water is concen 
trated and carried across the highway as “controls.” 


hie 


In Fig. 10 the highway location is parallel toa vi ‘alley. The main 


drainage is ‘through a series ‘of ‘dry lakes or sinks. Pributary drainage is 


that break to overflow ‘channels, ~The lstorm: lord: 
tection ditches ‘are located | so as to obtain the maximum fall. - Associated: with 

the channels is often a system of dikes for directing the flow. In 

places where large open valleys are | encountered ii in desert locations, and torm 
flow occurs as broad sheets of water, it has been “necessary to construct exten- 


sive dike systems and to conduct the water under the highway by means o of 


FRE 
wooden bridges or trestle ‘structures, as before stated. 
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of this type natural drainage coming from moun- 


‘tains on each side of the valley and discharges usually into a series of lakes” 


and sinks. Me hese sinks or dry lakes are formed in most desert valleys by the | 


debris deposits: from major side-tributary drainage which has cut off 
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‘Fie. 10.—TyricaL Highway Location, WITH SrorM- PROTECTION DITCHES. 


Ris The cost of ‘ditching for the type of work done on débris cones is - about protect 
$1 500 per ‘mile. The cost of. the wider | ditches with dikes, ‘such as are used 
in the wide desert valleys, is s about $2500 per mile. _ The cost: of timber 
bridges and trestles of 20 0 ft. ereosoted piles ‘and of ‘redwood super 
structure of 24-ft. roadway, varies. from $100 to $125 per ft. of length. High 


way protection by ‘system costs: from $3 000 to $3 were b 
in the 


a constant menace to ‘construction in localities 
ighways to be located \ where this danger can be 


However, ina of places onsiderable lengths sof 


at best 
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‘structures. “Booms” have been chained to piling i in some locations, but this 

at best is a temporary expedient and is not now used in highway work. shies yet 
“AA Random Tip- -rap v with most of the stones weighing not less than 5 tons has” 


“boon used to some “extent on highway where the action of the waves 
tides is to the coast line; but the type of available 


sea action necessary. ‘decided that, since ‘rock 
suitable for both rip- -rap and ‘Denniaoting : the ‘slopes could not be handled at at 


3 
the site of the work, a different plan of protection should be used. Accord. “4 
ingly, a design was prepared by which concrete cells should be constructed 


_ & ingly, a design was prepared by which concrete cells should be construct: 
a and lowered into place and afterward filled with concrete t to increase their 

weight. an The reinforced concrete cells’ finally | decided upon were 10 ft. long, 
vee 5 ft. . wide, and 3 ft. high, and their estimated weight al about phe ca 
filling, or 12 tons in place after filling. ‘Their cost ‘in place was about 


After the cells had been set in plane and before they were filled: with con- 


“erete: it was necessary to grout the | boulders | on which they were set with 4 


setting concrete in which cement: and hard wall plaster were combined 


ine equal parts in order to insure sealing ‘of the concrete against wash from 

below. When a eell had been filled completely (see ‘Fig. 11), it was again — 

7 ‘eleeey: to protect the fresh concrete against wave wash by boarding the top. 
Tithe shore line at this location is entirely exposed t to the full sweep of. 


Pacific | cean and consisted of rocky bluffs with steep ‘slope ‘into deep 
water. ist The design in this case called for the construction of a toe- wall 
z below. high tide, the paving of the slope in front: of the toe- wall to below 
low water, and the construction of reinforced concrete slope paving, oi 
thick, based on the toe- wall and ending in a ‘parapet designed to 1 throw back 


‘running “waves. was possible to. place the concrete cells along the tide line, 
but owing to the heavy run of the sea, it would have been impossible to have 


= built the toe-wall or the slope walls without some protection. | Accordingly, 


leveling a1 and removal of boulders as was possible done at tide 


‘and the concrete ‘cells were ‘then ‘sunk into line on. the roughly prepared 
foundation and were filled with conerete and heavy stone between tides. 
- When the cells had been poured and the beach boulders grouted, enough 


is “protection was afforded that sufficient time was allowed in spite of ‘the! 
wre gee : ising tide, to pour the base of the toe- wall to a height: of 1} to 2 ft., le 

; timber from 1h to 24 ft. ‘to construct on top of the base, the cells acting as a ye 


1 on the ‘outside. After the section of base was constructed, the top | sectio 
igh: 4 


vas poured into the forms built on’ ‘the base poure | previously. - ‘These for: 


iv = built while the other work was ‘proceedit ng. The toe- wall was poured with 

Class concrete, 4.2 sacks per cu. yd. Steel bars, 4 in. by ‘4 ft., were used 
the toe- wall. ‘These were “embedded in the base at 12-in. 
‘ can be of — top of the wall to tie the toe-wall to 
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aforem 


orementioned proce eure, it. is” 


of in not to ‘delay the paving. the work 


> glee low elevation on the beach, varying from +3 to zero, and occasionally 


zero. The low-tide elevation varied from app proximately. +2 to. —1. ge 


with an average 0 of. _ Favorable low-tide conditions were often. nullified 
by high v winds and a -eonsequent. heavy surf. | +i ih 


maximum of work chad to be done at low-tide - -periods. ‘Excavation 
My was usually begun 2 to 3. hours before low water, while the waves were still, 
over the location | of the wall. All the men were soaked he ad 


“after "ow td giving from 4 to 6 hours per in which effective work could 
form work | cou uld not be. 


Broken shifts. were often necessary on account, of tide conditions. Night 


work was made possible by the use of carbide lights. Moving the derrick and 


equipment, hauling’ cement and other materials, building concrete chutes, etc. 
was done at high tide,, when no work could be done on the, beach. T he ditt, 
culties” encountered in this work under such -eonditions cannot. be « over: 


. Behind the protection of the concrete cells it was medeible: to excavate for 
the construction. of. a toe- -wall on which the reinforced concrete slope. wall: 


be placed. . This slope wall was made 9 in. thick; it was heavily rein-. 
forced .and was capped by a wave- e-deflecting parapet designed to. throw the 
. waves back on themselves. (see Fig. (12). Previous to ) placing the slope paving, 


ite: 


bedding of stone was roughly on the earth slopes. he work. -eould 
only be done during periods of calm weather and, on this account, was handled 


labor: at a cost about: $24 per ft. of wall, ineluding. excavation, 
, slope paving, and parapet. — While the 9-in. slope 


“paving a “number of heavy storms up to August, 1981, there 
has been considerable erosion due. to the action of water-carried gravel and 


sand on the slabs, and the. protective work cannot be said to be an entire 


The use of sheet- -piling of. either wood, steel, or on State work 

‘in California has » never, met. with much ‘success, and it has” not ‘been cused 

In locations where the run of. the tide is parallel to, the shore line and 
sandy beaches alternately form an 
have been used extensively along the south coast. and in many. locations the 


has been restored: by their Fig. 13 ‘shows a beach immediately 
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s in the beach, So angles to we 
oast to support planking. Planking is added as the beach builds 
‘maximum height desired is obtained. ‘The spacing o: 


varies, but may be said to be 50 to 200 


direction of the coastal current, 


heaviest waves. 


Ina number of places the California of has been 

“faced with the problem of control or elimination of sand dunes which have 


formed only a serious burden on maintenance but have been extremel 


r 


/ dangerous to traffic. | ‘Tt i is quite usual for a sand storm to place a dune, 


within a few hours, across highway , several feet in depth, which would 


"| ‘require constant labor to remove. a On one particular dune the State had an 
annual expense e of about $7 000 for keeping the road clear over a section of : ae 


Zz “study ¢ of the habits of dunes and their movements, made over a number 


of years, demonstrated that they « sig be conquered if proper means were | 


wit 


used. In many given loc alities mo t of the dunes were found to move ina | 
certain: direction and then attain a which was seldom exceeded else- 


where. By the construction. of a high- grade over the worst section of 
dunes all ‘dangerous drifting was entirely eliminated and the road was 


all times thereafter. In another location, a study of the dune 


that it could be removed by wind action by cutting channels at suitable loca 


7 


This was done and the dune was removed at a of a few 


he occurrence of offers an problem | to the 


| 


engineer, Some ea engineers in California are of the belief that a number of 
ee concrete highways have been shattered | by these disturbances and that the 
construction of proper r expansion | joints: will eliminate this danger. In -earth- 


of quake country, highway engineers have found it panceneeny. to construct fills 
vith the ‘greatest solidity and also to clean’ up slopes that there are no 


hanging rocks i in any location. On one job in ‘San Diego County, the State 
suffered a loss, due “to combined earthquake and cloudburst, of more than 


$30000 in one storm which brought down ‘enormous boulders on a “section. 


Shy about eight: miles in length. ‘During the Santa Barbara earth- 
a concret | pavement was shaken from side to side until there was a 


p dives 4 to 6 in. wide along each ss of ‘the highway in the vicinity of 
Barbara. The highway had a also 


he 


Generally : speaking, however, th anger due to earthquakes is not. serious 


far as high ays are 
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LOW.CosT BITUMINOUS ROADS * 


In the development of modern highway systems s there i is a serious need for 


a low- cost secondary road that will accommodate a Timited heavy traffic o-_ 


an unlimited light traffic. In the western part of the ‘United States « a light 


of asphaltic binder known as fuel oil has been successfully ‘used to treat, 


crushed aggregate. Whether mixed at a central pug- mill plant, or the 


Toad itself, the costs are a e about, the same, ye the result has memes arate 


“After: summarizing the status of this field up to the writer 


discusses the advances from that time date! (1931), describing construction 


_ methods, specifications for materials, and necessary equipmen nt. hae ie 


Two of highway work, involving treatment of fine crushed 
with a light grade. of asphaltic binder known as fuel oil, may be classified as 

8 — surface treatment and oil-1 mixing treatm ment, respectively. Tn an unpublished 
Pa paper,’ entitled “Bituminous Treatment of Fine Crushed Rock and Gravel 

Roads,” Thomas EF. Stanton, Jr, M. Am. Soe. CO. E., has. described these 
. treatments and the extent of their application in the Western United States 
up to October, 1928. Mr. Stanton’ 8 paper is summarized briefly herein. ode wig 


Surface Treatment. —This is” sometin 


because the binder is absorbed into the upper ‘strata of aggregate, The first: 
step in construction is to prepare the base and this repairs, 


compaction, and thorough leaning: "Approximately, 4 gal. of asphaltic 


fuel oil per sq. yd. is spread on ‘this prepared base. The oil should contain 
60 to 0% of 80- -penetration asphalt having a specific viscosity (Engler) at 
= ‘cent. of 10 to 25. . The oil is allowed to penetrate the upper strata of the — 


Presented at the meeting of the Highway Division, Sacramento, ril 24, 
— 1980. - Written discussion on this paper v will be closed in February, 1932 


*City Engr. Oakland, Calif. son, San Deg, 
the meeting of tha, ‘Highway Division, 
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‘times by: but q quite by a modification of the Stain 


metal; sometimes chips are spread to protect traffic, After a suitable 

interval another application of ‘asphaltic oil is spread. ae This may “be of the 
same nature as the primer, or it ‘may be cof slightly higher or it may 

be much heavier, approaching pure asphalt. 


Ther next step is ‘to > spread stone ‘chips in sufficient quantity to absorb the 


| 


quantity of oil and stone chips added, which j is. s greater for ‘the heavier oil a 


and a ‘of ail of the same quantity is 


and followed by still finer ‘stone chips. if Heavy oil, applied hot or emulsified, 


is considered more durable than fuel oil, l, particularly ag gainst weather damage. 
Mixing Treatment.— —In this pr the asphalt binder | is 
thoroughly mixed with the ‘upper 2, 3, or even + in. of surfacing material. 


The first construction operation to provide the desired quantity loose 
mineral: “aggregate on top of a firmly compacted base. All Jaggreg ate 
should Dass a 1-in.. one- third to “half of, it should pass. a 


sufficient supply is already. 


on ‘the ‘road, or it may be added yas treatment. The oil is usually spread in 
three applications, aggregating 1.25 to 2 gal., or more, per ‘sq. yd. “After each 


3 - toon the materials ar are mixed by means of a disk or spring: -tooth harrow, | 


or by both. After all the oil is. applied, the “mixing operation is. completed 
i casting. ‘ee material into a windrow with a blade grader and | moving the 
windrow. back and forth over the road, turning the | mass at. each, move. — The 
commonly used contains from. 60 to 10%. of 80- penetration ‘asphalt, The 


is variously specified, "generally 25 to. 45 (Engler ‘specific) at 50° 

The. quantity of oil varios according to the grading and other character: 

ce stics of the aggregate. — As in the case of asphaltic concrete the higher 


ion of oil is’ required for the finer material. ©. L. McKesson, M. Am 


ae FE. has suggested’ the following equation for estimating the quantity 


Ps of oil Tequired ; a= percentage of aggregate ret tained 
10- mesh sieve;.b = percentage passing the 10- -mesh and. retained on 


The quantity of oil vis sometimes, estimated | by Equation; (1) and. some 


-200-mesh sieve; and, c = percentage’ passing» the 200-mesh sieve 


During the: period, jane other 


“Light Oil Road ‘Burfaces,” by: OL 
Public Roads, September, 150. 
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of the | in California in 1928, should be mentioned, in which the aggregate 

t may oil are mixed at the source in the ordinary type ‘of: pug-mill. - The iene 

is not heated, but the ‘oil is ‘warmed ‘enough to facilitate pumping. 

rb the the mixed 1 material i is placed on the road ‘it is spread by a blade grader and 

in the compacted. in. the same. manner as the road mixture. 4 It has been found — 


5 tot those acquainted with the price of a sphaltic concrete the low 
plied, fuel- -oil l mixture may seem ‘surprising, but the explanation lies in 
sified, the elimination of heating operations at the plant ‘simplicity of 
ler is J = At the end of the 1998 working bedi approximately 3 600 ‘miles of State 
tora: ‘heads in Washington, Oregon, California, Nevada, Arizona, New Mexico, 
loose | Colorado, Utah, , Idaho, Montana, and Wyoming had been oil- treated. Of this 


“mileage, 2 330 ‘was ‘surface treated, 1 170 1 ‘was ‘mixed, and 100 was ‘of ‘miscel- 


a laneous types. Some of that classified as miscellaneous was in the nature 
“of penetration macadam. During 1929, 730. miles were surface treated, 1 640 A 
ead | in were mixed, and 1 130 miles had miscellaneous treatments. He 
r each about 3 500 miles were treated in 1929, making» the grand total up to that 
arrow, time, 6100 miles. Statistics for 1930 and 1931 are tot available, but at least 
rpleted 3000 miles were added each year, giving a total at the end of this (193 31) 

season of more than 12000 miles. The’ foregoing figures do not include 
The county: roads and small tor town streets, aggregate a considerable bu but 


‘The trend of surface treatment practice is now (1981) very definitely 


racter- 


toward’ the use of: heavy oils, with an asphalt content. of 90%, or mor 


— Fuel oil is used principally: as a primer or as a dust palliative. A aged 


rantity the less traveled: roads are being surface treated with fuel ‘oil alone, 
‘thie is followed with heavy oil and coarse stone 
Thus, there is a reversion to the methods by which macadam have been 

stained 

ned 

in Test 7 it ng better penetration | into the road and more careful curing with less annoy- 
upleted to traffic. The Highway Department of regon. has used a ight 
ass, and tar for this purpose and reports marked success. 

irregur Details of the surface-treatment process are far from. bei 
kes no - One of the California State Highway methods is among the most | 
tructed [ands mi y be outlined as follows: for 
lean; ‘repair, and ‘compact the base 


Spread gal. per sq. yd. of 50 to fuel oil. (Specific 
“viscosity (Engler), 10 to 25 at 50°. ty 
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LOW-COST BITUMINOUS ROADS. 


(3) Allow” the application to penetrate and add. email quantity 


of fine stone ‘if ‘necessary to protect th the traffic and to 


asphaltic oil. at a temperature of { 


chips to cover “the” ‘oil. 


0) Spread gal. of 94 + asphaltic oil as 


Cover with to 4-in. stone chips. (80 tons per mile is 


id, 
1, using 


method, omitting the third application of oil, but "spreading the “two. sizes” 
of stone chips separately. ‘The | Oregon for stone chips is about two- 


he surface- treatment process has made some headway in Washington 
and i in Idaho, i in addition to California and Oregon, , but the other Western 


~ States have not generally adopted this type. The State of Washington, like 


California, has" treated many roads a temporary expedient, realizing 


- elimination of dust and conservation of road ‘metal will compensate for 8 


yr " a 
considerable proportion of inevitable 


Pat: Plant- oil presents one of most interesting possi- 
bilities among the developments concerning the oil mixtures. It has spread 


experimental way to several other States, and Qalifornia..; is. firmly” 
a committed to this type of treatment for new construction, — When the sur- 


facing material had to be brought to ‘the road, the cost of the earliest project 


“more co control than ‘road ‘mixing, find that the plant mixture 
lacks the ideal riding qualities of the road mixture, but if this is true the 


- fault can be corrected by a moderate amount of manipulation while ‘spreading. 
be economical, the mixing must be» performed without any extra 


of the material except its thitiugh the box, Elimina- 


the mixer is one-half more than ‘that required, for the 
came of ‘heated aggregate and asphalt. dot 


hinery used for road ‘mixing to vary. in type. Most of 


(5) Spread sufficient 4 to 2-in. 
— we 
— 
— 
— 
| 
— 
— 
ing and compacting, without consideration of loss of heat, ke 
for spreading and compac 
he maa |e 
maintenance, and have simply transferred this equipment to oi hs COE 
erations during the appropriate season. Us 


be 


or the q 


IELD MIXING, Mov G 


| grader: 


Tong. 
Reg 
fi 
too oft 
have b 


and t 


turnin; 


' 


conere 
that 


or eve 

miles 


‘the 1¢ 


itself ‘for oil mixing, ‘and adopted ‘the tractor 


_dual-drive. type self- -propelled blade. A group of four of ‘these. motor 
graders is extremely efficient. The best work is done with blades-10 or 12 


Regardless of the type of machinery, workmanship has steadily improvec 


_ The. first thought was to regard mixing asa rather haphazard process, and 
2 too often it was so in fact. 6 ‘Since the beginning of 1929 neatness and system 
been. notable. Partly oiled material is picked cleanly from the base 


turned over and over in accurately lined -windrows; during. the. final 


turnings, a small quantity is allowed to remain on. the base, | and the final 
mixing takes. place. without the incorporation of 1 uncoated particles. ‘ag 
then: spread quite accurately to uniform thickness_ (see. ‘Fig. 1). ven 
where the grading of the ‘from: station - to station, with! ‘a 
antit y of aggregate drawn into. th 


mixing can no longer be ‘as haphazard. hy One in this ‘process 
4 is shown i in Fig. 2, which illustrates. work on a Nevada project. 
“adi The grading of aggregate has not tended to become standardized, which 


confirms the | opinion that a range is acceptable for First” 


weld: 


‘the maximum size was fixed at in., or 1 in, it 
ie t he proportion of ‘material passing a 10- mesh sieve would approximate ee: 
40 to 50%, of which perhaps one-fifth would pass the 200- mesh sieve. “How- 


ever, successful ‘oil-mix projects have ‘been constructed with as much as 80%, _ 
or even more, passing the 10- mesh sieve. In fact, there is record of many 


miles natural soil mixtures of which practically all the material passed 
the 10- mesh sieve, and a few i in which the greater part passed the 80-mesh 


sieve "4 On ‘the other hand, successful oil-mixed projects have been constructed 

with only 25% passing the 10-mesh sieve. There is” good reason, therefore, 

to believe that gradings which ‘correspond not only to asphaltic concrete, 


put. to ‘Topeka mixture and sheet asphalt, may be successfully ‘mixed with 


The proportion ‘passing the 200-mesh sieve is an important element. 


has been as low as 3 or and higher than 20 per. cent. Apparently, the 
-200- ‘mesh material should fill the | ‘spaces between the larger particles, suffi 


i ciently to reduce the size of voids to the minimum and increase their number eu 
to the maximum, Studies of. the fundamental physical characteristics of 


By asphaltic, concrete and sheet- asphalt mixtures have been. made and the results _ 


also “shed light” | on the subject of oil mixtures. 
In particular, it is. that. further research ‘to the. 


— 
— 
| 
— 
= desirable for oil as we 1G 


is being had with oils’ the’ “Rocky Mountain area, 

although their characteristics: are somewhat different from the California 
product. So. ‘many factors affect the success or failure of mixtures that the 
influence of ‘the oil i is difficult to segregate. . Plant mixtures offer a better 


‘opportunity to study the: effect ‘of oil than road 


ie After othet first season of oil mixing the medium grade of fuel oil with “hed tr 
an Engler specific viscosity of 25 to 45 at 50°. Fahr. , carrying 60 to 70% 
penetration asphalt, was generally recommended. Subsequently, there an 
has been a marked tendency to raise the viscosity to BS to 85, which is the § mixtu 
grade generally used for plant mixing, ‘and the asphalt content to 65. per cent. monly 


The higher viscosity carries with it higher specific gravity, 


 namel; 


ticularly i in 1 cool w ai 


The > quantity of oil which should be used is much debated for the 
Re 


For estimating p purposes it is common to allow 4 gal. per sq. yd. per in. a ce 

finished thickness, with 15 to 30% allowance for extra requirements. ~The deceiv 

quantity used generally falls ‘within the ‘Tange of the estimate. One group 


eae of engineers advocates the least quantity that will coat the particles ; another 
advocates the largest quantity that can be incorporated without producing 
actual instability. _, The, first group ‘seemingly reasons that the surface area 


of particles” is the significant factor, implying that the ‘binding action of 
comes. from surface tension, which, in _turn, ‘implies that the quantity 


‘Flr 


with oil. | In the meantime, errors in the quantity of oil applied during 


first treatment are so readily that the difference of opinion 
is not ‘serious. However, it is obvious the less oil used , the cheaper 


will be the construction ‘cost, a a statement which applies with particular forge 


to projects distant from the source of oil supply. ae 


_ ‘The other group argues: that the ‘oan are most significant and must be filled 


The tendency t to. use a minimum | width of. 20 became marked during 


1929. a compacted thickness of 3 is established. 


in the 


tendency to. use a greater thickness than 3° in., on 1 plant: mised 


Cost of treatment exclusive of road metal continues to range rather widely 
i ue from about $1200 to as much as $2000 per mile. - ‘The foregoing applies to 
averages. Individual projects within a State will vary even more widely, 
depending upon local conditions. The cost of oil is the largest variant 
The cost of actual mixing, omitting the cost of oil and the application — 
thereof, shows quite remarkable ‘uniformity at $500, ‘or less, per mile of 
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Sue is safe to. state that the principal Sliins' continue to arise from faulty 
-gupport. Support may be deficient i in thickness of metal or stability of sub- 


grade. As frequently stated, an impervious s oil surface aggravates the effect 
hy of moisture in the sub-grade. Since many oil-treated projects are being 
undertaken upon metal "insufficient for untreated conditions, it may be 
expected they will be found deficient when oil-treated, regardless of. the 
3 method used. Emulsification of the light fuel oils in | the presence of moisture 


traffic is frequently reported. If the moisture | comes from rainfall 


“oil and stone chips. mA light application of ‘the fuel oil used in 


‘monly an effective protection against moisture and a preventative of raveling. 
Investigation | shows that most. cases are ‘accompanied by a third condition, 


_ namely, the presence of an excessive amount of 200- “mesh material, usually 
Possibly the trouble may be avoided by eliminating clay from the 
mixture, which, however, is not always’ practical, Thin 
Rain during construction is a source of much annoyance. TI 
effect of free moisture is very similar ‘to that of "excess 0 
deceiving appearance of richness and « causing the material to gather i in lumps 
while being mixed. If the moisture is retained after spreading, it ‘produces 
and bleeding. The effect” of moisture on the mixture during 

struction and afterward makes it advisable at the present stage of ‘knowledge : 
. of the subject to proceed cautiously in moist climates. This statement i 


on particularly true of plant mixtures, because a wet pit cannot be utilized 


lities. 
in. of 


f oil, giving a 


asphalt was used for binder med mixing, first, in 

heaper upon prior to and the mixing ‘prevent the 
Sa mt from breaking until | mixed ; and, second, a preliminary application of } to } gal. 2 
sq. yd. of fuel oil is incorporated into the dry aggregate, improving 
mixing qualities. of. the emulsion. A seal coat of about gal. of emulsion 


per ‘covered with ‘stone is. found advantageous to complete 


asphalt. or heavy | road oil would be suitable binder for mixing” treatment 


ariant. _ using emulsion 
cation to produce a harder stable surface than ca can be fuel 
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Engineers" and highway _suthorities: are not quite prepared to believe 
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erties to make a really pavement. ( Oil il mixtures: 
soft and easily. disturbed when first laid, whereas asphaltic concrete hardens 


once; hence, it: is reasoned that the early hardening of asphalt applied 
as an emulsion or a cut-back is highly desirable. -The truth or error of this 
reasoning will not be known. until a number of projects have been subjected 
to several years of service, after which a. study of their construction and 


Rives Canyon constructed in 1929 by. the California Division of 
Highways. _ Thirteen road-mixed sections were built, which were followed 
im the spring of 1930 by a “number of surface- treated sections. In the mixed 


sections “grades” of oil, t two cut- back, and two of emulsified 


ere 


-the combinations constitute only a few of the many possibilities, their 
behavior and the records of maintenance costs should be very informative, 


the « official reports will be of great interest when published. 


\ First undertaken ‘as a maintenance measure, oil treatments of both. types 
are beginning to have a profound effect upon design and new construction 


in the Western States. Few Western State highways: ‘carrying as me many as 
~ 500° vehicles per day of summer traffic are being built without a definite pro- 


gram for oiling, and, in many States, the traffic limit is even lesss 


“the use of oil from the construction standpoint, surface 


treatment has the disadvantage of r requiring a well- -compacted base, which 
“ordinarily cannot be had. without a tedious wait, or by using: an undesirable 

ee clay bi nder. a Road 3 mixing requires special ‘equipment that, ordinarily, con- 
tractors do not have, and surfacing is “quite commonly finished during the 
‘wheat oiling i is impractical. Consequently, many States are restricting 

; r own forces, even on new construction, but are adjusting 


the grading requirements of new surfacing material to the needs ‘of 


» perhaps, is one reason for its ener upon new Projects in 
The i of oiling has brought’. about a new examination 
fications for low and ‘intermediate ‘types of ‘surfacing. “Much material” 
eaten considered too fine has become available, Binder, or filler, i is being 


more carefully. On the other hand, the possibilities of 


atments | have ‘never been: ‘proposed a substitute 
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‘dominate the 


cheap intermediate “type, roads carrying 500 to 1000 vehicles per day 
have frequently been paved, but oil treatment is now being found sufficient 

for at least immediate purposes. Thus, oil ¢ treatment is finding its place, 


mainly at the expense of the lov lower types, but to some 2 degree as a substitute : 
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DISCUSSIONS 


ARGE, AND SopHUS THOMPSON AND 


f 
Lance” Assoc. M. Soc. C Cc. (by letter) writer 
the ‘profession stands greatly 


debted to Professor Cross for | his 
de velopment. of the moment distribution method for analyzing continuous 


rames. A theoretically exa act solution of many statically indeterminate struc 


tures ean now be made with almost no mathematical drudgery. Moreover, ‘the 
engineer can visualize the action of the structure while the solution is vunfold- » 


‘ing, and can. thus develop a ‘sense of continuity seldom 
The writer has interested himself i in at means of applying Professor 
re method to structures in 1 which the cross-section of a member varies along its 


length. Previous experience in analyzin ig and testing some such ich structures: 


as showed that an average value of the moments of inertia of a a _ non- -uniform 
caien should not be substituted in the — - expression for stiffness of uniform 
; neither are end moments carry- y-over factors th 


| Oeil there is an infinite number of possible variations of the -cross- 


ction of ‘members along their lengths. > In « omparatively few cases is it 


possible and feasible to “write the equation « of moment of inertia Vv 


i and perform the necessary integrations to find the required constants. — . 
tables and diagrams ns prepared by | some investigators c cannot —? cover all the 


-_-Nore.—The paper by Hardy Cross, M. Am. Soc. C. E., was published in May, 1930, 
ae Proceedings. _ Discussion of the paper has appeared in Sveccekinal as follows: September, 
: teak by Messrs. C. P. Vetter, L. E. Grinter, S. Gorman, A. A. Eremin and E. F. Bruhn; 
October, 1930, by Messrs. A. '. Finlay, R. F. Lyman, Jr., R. A. Caughey, Orrin H. Pilkey, 
and a Oesterblom ; November, 1930, by Messrs. Edward 3. Bednarski, N. Mitra, Robert | 
A. Black, and H.’ EB. Wessman; January, 1931, by Messrs. Jens iigede Nielsen, F. E. 
Richart, and William A. Oliver: February, 1931, by Messrs. R. R. Martel and Clyde 
Morris ; March, 1931, by Francis P. Witmer, M. Am. Soc. C. E.; May, 1931, by Messrs. 
A Hickerson, F. Constant, Downey and C. Hartman: and September, 
1931, by Messrs. Thomas C. Shedd, David M. Wilson, and Marshall G. Findley. _ 


Asst. Prof. of Civ. Eng., and ‘Research Engr., Eng. Experiment Btatiqn, Ohio State 


ugust 31, 1981. Het 
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| method is presented herein which permits of any 
=e ‘variation of the moment of inertia of a member. “It merely Tequires that the 
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ANALYSIS OF ¢ CONTINUO Discussions 


noments due to symmetrically 4 
In ‘such cases, finding these six constants pracy, | 


ase “the « chief wi Ta general case is illustrated by the following example. 
When member and the loading are each symmetrical, 


"The General Moment of Inertia Variable; Unsymmetrical 


Loading. —Fig. 4 47(a) represents a beam or slab construction of variable 


_ section involving complete dissymmetry. The fixed- end moments will be 
By found first, then the carry-over and stiffness factors. To determine the fixed- 


ead moments, let M, and Ms be the unknown fixed- end moments at the large 
| 


small ends, respectively. Although | ordinarily they will not be equal, it 
convenient to assume arbitrary trial values, such as 10 kip-ft. for 


which are utilized to construct the the e composite ‘moment 
= diagram shown at Fig. 47(c). When the simple- beam bending moment due to 


pe the superimposed load is included on the positive side of such a diagram, the | 
algebraic sum of the ordinates at any point gives the si bending see 


Knowing the moment of inertia variation, as at d, the — diagram, Fig. : 


48, ‘must be constructed to scale, keeping g the three parts separate as” was 


e in the moment diagram at c, Fig. 47. ~ The other diagrams nee have no 
exact scale, b but should be in correct relation to each other. 
a summation of ia 


= in feet 

the individual In this cas case, | since all of the same width, the 
venient; 


4 


By moment area principles | the slgchesie sum of the true — areas must 


The sum of the moment 


~ 


oof 


al 
moments (in kip foot ; units) are, 95 5, and 


To determine the ¢ carry- over factors, consider a aati fixed at one end 


over factor a as the ratio of the. snoment at fixed end ‘to > the moment 


ON 
When members are unsy1 
4 will be different stiffness a 
tie :«stwo #fixed-end ber 
— 
TA 
— 
ec Pah Table 16.) ‘The moments of the areas about the large end of the membe ia a 
end of the member must lero: 


inertia, it is s 0. 5, but for 1 non- asain 1 members its values ‘must be ‘edieaadals 
every case, the rotated end corresponds the joint just released 


§ moment distrib <ion, while the fixed end i is the: remote end of the member. 


members have two carry-over factors, depending upon which 
TO Fixep-Enp Mowers . AND 


‘Trial - Trial 4 


Fig. Average arm, in ‘age | arm, in Average} arm, in 


from the} | d from the 
—ilarge end end 
0.03 2.0 


n, , the 


oment 6.75 104 


iS was 


1 607.83 


i Continuing the example, and referring ‘to Fig. 49(b), the chief 
find what fixed-end moment, Mz, is necessary at the small end when the 


large end is a of 10 kip-ft. Ifa trial value of = 10 


ts taken, the — (Fig. 48) may be sketched immediately f from the 

_ areas, and the centroids may be | found in the fixed- end moment calculations 


Table 16. ‘Then, by moment-area principles the algebraic sum of th 


moments of the =~ areas about the large end. of the member equals 


The carry-over factor froin the large end to ‘the var: equals 0. 529. 


, but taking summation of ‘moments about the sm 


factor from the small end to. the large: end. 
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i 
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mbe 
ii 
fixed 
(72.30 | 1. 1410! 0.75| 75 
1.61 | 28.0] 45.10] 0. 2.10} 4.18} 28.45) 
vember — 
s must — | 
— 
e large 
_ 
— 
xed-end 
ne ene M, =8.69 kip-ft. The 
carry- D =8.69 ip- t. T he carry-over 


to Stiffness Factor.— —The stiffness of is. by: 
- necessary to turn the hinged end of a _member through a unit angle. when 
the: other end is fixed. When a joint. is released in the. moment-distribution — 


is. 


vat BLOITATUA Wits 4 


Ray 
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pot 
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4 rough the same angle. moment. to ry ‘the part 


that each member ass mes is to its stiffness. OY 


he! 

7 and 6, are constant for all members connect- 3 


ing’ thereto, ‘the’ moment: upon each will ‘be “proportional to ‘its ratio, — 


Accordingly, —is to state the relative of the mem with 


of a structure, and is ‘ealled the stiffness factor, er sed 
Since a structure may ‘consist of both uniform and non- taembers 
‘it 8 neces ary to state the stiffness the non-uniform members in 


5. ott. thai = 


rich, Si is | the stiffness factor for a 


to be « 
ticulas 
— 
Dew 
niform member; k is:a constant 
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Seog section of ref 

_ Furthermore, for non-uniform members, 


‘Referring again to’ Fig. 49, one may state the sum 
of ‘the positive | cand: areas, by moment- -area principles 


3 (9. 13 70. 529 x 12.97) | using 3 to state. the real, area 


f 9 | ij 


able 16) and, the, largest. moment of | inertia, com = 28, for reference 


— “abe ‘te stiffnes s factor for the large end = 


Similarly, for the small end (see Fig. 50) : 3 (12.27 — 0.869 x 


0. 1.208 the stiffness fm for the end = 0.205 

i Model Check of Stiffnesses -Found.—In order to check the : stiffnesses. of the 

pen ends of the member as computed | herein, a model was made from Zo-in 


mane 
sheet ce celluloid ‘embodying the exact of inertia ‘used in the 


‘arget Moved 248 
Micrometer Divisions 


Celtutoid Model“ 


mann AM 


« 
ed to 


the shown in Fig. One was 
ith ser ews, while the we as free to rotate about. ‘its pin which 


e pivoted bar and the ofa target observed with a 


‘The average displacements v were 248 inden micrometer divisions for the 


= rotation f the 


actual stiffness of the =1. 652 the small 
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ember; and J, is the moment of inertia at a 
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end. The ratio of the k’s found in. the stiffnesses, 


= 1.658. This remarkable correlation. verifies the of the 


THomPson R. w. JuNtoRs, Am. Soc. (by 


A 


writers made a study of this phase. For the of eimaplicity and com- 
parison of results, the truss analyzed herein has been chosen from among 


_ those treated in current textbooks by the “exact” method. 
+3 The x method used by the writers ‘requires: the construction of the Williot 
diagram (Fig. 52), from which the value of D for each member is obtained, 


at bean angles to the axis of the of one 


au 


a 


Da \A 


2 


52.—WILLIOT DIAGRAM FOR ANALYZING SECONDARY STRESSES BY CROSS METHOD. 4 

treating each half as a cantilever with the deflection, _ 4D, the fixed- end 
moments are obtained. The value of D as used herein is actually ‘displace- 


multip lie dby Then, referring to Fig. BB, D\_ PL ,orM = 30 


The | determination of the algebraic sign of the fixed-end moments is 
5 sim i fied, first, by the v use of the convention which designates as positive any 


A ‘moment tending to rotate a joint in the clockwise direction; and, second, by 


28 Asst. Prof. of Civ. Eng., Southern Methodist Univ., Dallas, Te 
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FLOW OF WATER IN, 1 TIDAL CANALS 
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BY I. BROWN, M. Am. Soc. C. an 


Fart I. Brown," ‘Am. Soc. C. (by letter)." “¢_Tn ‘general, the ‘Tecep- 


“tion which the theory of flow i in tidal canals, advanced in the writer’ ry paper f 
has received, has been quite ‘cordial. No o serious differences of | opinion ne 


- been expressed, and no serious question has been raised as to the soundness a he a 
the theory. ‘Mr. Faris and Commander Rude have given some additional 
information to clarify parts of the | paper, but those parts were in connection 


with statements made to round out the paper, not affecting the fundamentals — 


te By 
Commander Rude suggests that the of ‘a wave in that 
has an outlet into a body of water would continue into” the outlet body in - 


Bits original form, ‘and that it ‘would be dissipated in that body instead of — ba 
being propagated backward as a reflected ‘wave. 4 It is the writer’s view that Cae 


the ‘wave does eontinue into the outlet body, but not in its _ original 


amplitude. ‘The amplitude must. change i in accordance with the expressed 


a 

oted that 

figures 


sultiplie 


s in ‘the by Equation (87), in which, if ‘becomes very large or infinite, Ii the ampli- 
a tude at the outlet, must be very | small or “zero. This, of course, is because 


the canal wave does not possess enough | energy to raise a wave in a wider 


Commander ‘Rude also declares his that “the hydraulic 
characteristics of the canal were not taken into consideration by the writer.” 

Apparently, he ‘means that no account is taken of flow under the i I eae 

of surface slope. | - When the two ends of the canal have the same mean level, 4 

as is the case in the Chesapeake and Delaware Canal, the only flow that 

- Occurs is tidal flow. es If there were no tide there would be no current. (. 


—tThe paper by Earl I. Brown, M. Am. Soc. Cc E., was published in December, — 
‘Proceedtege Discussion of poner Appeared, in Proceedings as follows: 
February, 1931, by R. L. Faris, M. . Soc. C. Jarch, 1931, by Messrs. * T. Rude, 
Eugene E. Halmos, and W. M. Black "May, 1081, by H. F. Flynn, M. Am. Soc. C. 
and October, 1981,’ by Ralph G. Davies, M. Am. Soc. C. Gr 


_ “Col, Corps of Engrs., U. 8. A., Philadelphia, Pa. 
Tere Received by the Secretary September 26, 1931 PG 
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LOW O a WATER IN TIDAL CA 
heading g, “Insufficiency of Theory That Flov 


Caused by “surface Slope for Tidal cyt Tory Tint 


"manent regimen | of flow under difference of tidal level at the two ends of the 


F cy can never become established. Ne The slope is constantly variable, and 

a there is never time for such a ‘Tegimen to’ to become established ; hence, there 


but its is measured by the expression in (15) 


ent or Equation (50), depending on whether the \ wave > is simple or or compound. 


is because of. ‘the tendency of the current to approach the regimen of § 
flow under th influence of surface slope thes makes it as 
that The fact that be done at the railroad br idge i is 
fortuitous chance, however, as it does not 
eould be done elsewhere i in the canal. 4 
- Commander Rude expresses a dou ubt as to whether the writer accepts the 


ea « ‘stationary wave theory? of f Harris as an explanation of the changed regimen 


ge of the tide in ‘certain bodies | of water in n which rad tide occurs almost —_ 


two equal and opposed waves 
&Theory of the Interference of Opposed Waves”). illustration of 


‘it occurs when a simple wave of translation is propagated into a canal of 
i rly uniform cross- “section, closed. at one end, and of length just. equal to 


tidal wave are considered as separate waves in this theory. ‘The “canal 


will then have a stationary wave with a regimen exactly as Harris defines it. 


Such a wave is ‘known to exist in certain bays such as Long Island Sound, 
ae the western end is almost closed, and i in certain: seas, where the depth 


nd ‘superficial dimensions bear, the ‘proper relationship. to the period of the 


tide: for reflections from its shores to interfere with the oncoming wave in 


the proper phase relationship | to create the stationary wave. Harris’ theory 
2 is, therefore, a special ease of the more general theory of reflected ‘waves in 


Replying to Commander Rude’s inquiry as to Tables 3, 4 and 5, it may 


be stated that the data in the columns headed, “ ‘Bourdelles,” 4 are | based on 


Those in columns are” values computed by 


vy according to his formul as. 

In commenting on the differences ay the apne formulas as presented 


by Mr. Parsons, and those of the writer, Mr. Halmos states: iy 


in relation to ‘the depth of eanal.” oo 


‘This restriction, by the requirement of ¢ comparatively. ‘small tidal 
_ tions in relation to the depth of the anal, is. sufficient to exclude these 


formulas from use in most artificial tidal canals constructed for } navigation, 


5 and which tidal 


variation 
cannot | 
this defe 
tions (2 
function: 
‘opinion 1 
quantity 
hin the 


‘recomme 


been “us 


Their us 
tions of. 
of the ve 
erroneou 


The 


proper v 


can be € 
experim 

extender 
of tidal 
‘at New 


eall atte 


Island 
Throgs 
relation 
the aid 
desired 


BROWN ON 3 
oe 
and 
m 
ay ferenc@ -amplitu 
could b 
Gene 
Re 


= 
November, 1981 BROWN: ON FLOW OF WATER IN TIDAL CANALS 
t F 


‘variations of 4 must be expected. Variations! of hese magnit 
cannot be considered : as small with ‘respect { to the depth. at In addition to 

this: defect, the writer urges another. The expressions, Pa and Q, in 
tions (2) of | ‘the paper® by Mr. Parsons, are assumed to be logarithmic 
functions of x in the formulas, P =A and Q=B is the writer’s 
opinion that Pa and Q are not only functions of x, but also of h, which i is the ies 


quantity sought - to be determined. id is the failure of the formulas to include Wick, 


(15) 


pound. 
hin the values of and which makes them give equal values for positive 

ely on Halmos suggests ts that the forn of the French Academy of Sciences 


‘idge is recommended by Mr. Parsons for canals } of certain characteristics might have ese 
that 4 been useful in predicting approximate values of heights and “velocities. a 
Their use was rejected by the writer because they are based on the assump- 
ie the tions of a uniform slope of the water surface from end to end of the canal and oe aes a 


egimen of the velocity varying with that surface slope, both of which he holds to be — oe 


‘The writer the difficulty apprehended by Halmos in finding 


1t wave fj proper value of A by the proposed method. — Its value for any proposed canal 
eading, J can be estimated with confidence only when ‘it has actually been determined | 
xperimentally from existing similar canals, 
tion of experimen ally from existing s 


anal of .% General Black - points — out how the useful range of the ‘theory may be 
qual to extended d to the study of the effects of changes Projected i in the cross- “section 


rdinary of tidal canals, ‘and cites the control of current velocities in the East River, 
at New York City, as” an example. The writer may venture further and 
fines it ‘call attention to the way in which control « of these current velocities might : 
Sound, be obtained directly the “use se of this theory. 
le depth | | The tide i in Long Island Sound is of the stationary type due to the refl 
| of the tion of a wave back on itself from the nearly closed western end sip ‘The 
pein in height of the tide increases at a fairly uniform rate from east to west. * 2 The 

t 


depth of the Sound and its length have the required relationship with 
thee F tidal period to make the tidal phenomena almost a perfect example of 


“stationary type of tide. If this relationship w were destroyed, the excessive 
amplitude at the sails of reflection near Throgs Neck | would be lessened, = 


as 


and this, in turn, would reduce the East ‘River currents. The relationship — 
could by y making one | or more artificial | contractions of Long 
Island Sound at proper intervals in the distance from Fishers island: to 


Throgs _ Neck, breaking up the wave by reflections having a less favorable 
relationship to cause high amplitud es. A thorough study | of this — by 
the aid of this theory, it is believed, « could lead to a s ; 


desired control of the East River currents. 


“a General Black’s hope that similar studies will be made of th tidal action 


varia- 
ine estuaries such as the Hudson and Delaware Rivers will be ealized i the 
ee case of the Delaware River. This study i is now (1981) in pro; re 8S. 


_ @eThe Cape Cod Canal,” by William Barclay Parsons, Hon me Am Soc. i. 
meaotions Am C. E., Vol (1918 . 
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Discussions 


% are reas 3 in the results of computations is indicated in the curves given 
Messrs. Flynn and Davis. Mr. Flynn showed that a “material reduction 


of discrepancies between observed and ‘computed results could | probably be 


; ms i made by a revision of preliminary assumptions to conform more nearly with 
. Mr. Davis has recomputed predicted. results 1 under » revised a 


a 


corresponding o actual conditions. re The close agreement of 


his and observed ‘results is 
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AMERICAN SOCIETY OF | 


SCUSSIONS 


Axprew Weiss," M. Aa. a 
REW M. Soc. (by letter).’ writer is indebted 
Mr. Howell for the pertinent explanatory comments, stating more fully the 
_teasons for the adoption of the buttress type of 
To date (1931) only two of the contact joints between the buttresses have 


shown leakage and this in negligible quantities. As the water r was being 


‘raised within the reservoir, some leakages developed in varying amounts 
through the limestone seams around the south abutment, and these were a 


effectually, followed by drilling and grouting. At ‘this writing, the re eservoi 
filled to within 8 ft. . of the flowage line. 
=. The automatic opening | feature on all the radial gates was further tested, 
with satisfactory results, by pumping water into the float wells, but. incident | 
to the operations: a | number of unforeseen d details were discovered, which 


led to ‘the adoption of certain further precautionary measures. s. One 
these was the of "covers: for the tubes admitting water to. the float 


“chambers, thus preventing "careless mischievous introduction | of waste 
| matter and obstacles. - Some of the chains designed to connect the gates wi 


the movable emergency lifting devices had become loosened from the upper 
corners of the gates with the automatic lift in operation, the suction | 


of the escaping water | had a tendency to drag the slack portion of these chains - 


between the radial gate seats and the rubber seals, thus interfering with free 
movement. Hence, it ‘was necessary to be certain of the locking” of these 


latches w which fasten the chains to the ‘upper corners of the gates in order te 
avoid: a recurrence of, these happenings (see Fig. 
view of the overflow section, looking up stream from the south 


is shown in ‘Fig. | 14. | Fig x. 15 shows the discharge of three gates. under a 


1930. Proceedings. Discussion of the paper has ae in Proceedings as follows: 


ee: 1931, by C. H. Howell, M. Am. Boe. C ; E.; and sisi 1931, by Robert 8. Stockton, 


Engr., J. G. White Bas. Corporation, Cruz, Chihuahua, Mexico. 
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ately at the toe of the dam some spray and a turbulent wave action are 
Fe formed ; the latter, however, gradually reduces to a steady or normal flow rie 


condition about 20 ft. down: ‘stream from the dentated sill. With such 


quantities of water as have been released it is too soon to state how effective | at 
these « dentated sills may be, but it appears that erosion below the toe will ae 


Stockton correctly points out the difficulties of obtaining 
be able to. put ‘the lands on a basis before the interest 
 earrying charges have mounted | to a point - where it is no longer possible to 

: collect them. This applies with particular emphasis to the new projects being 

built by the Mexican Federal Commission of Reclamation because of 

a greater scarcity of settlers with the ‘Tequisite means. For this purpose the ie 

framers of the reclamation policy ‘and the expressing it, have 

wisely provided for three- “year rental contracts and for farm supervision. 

: iti is too soon to predict the extent to which this supervision may be carried, 

but judging g from the interest thus far displayed by the governmental 
authorities in charge, it is believed that such assist ance will be freely pro- 


vided and the settlers will co-operate in a most responsive spirit. 
“ar 


Beginning with the initiation of these reclamation schemes the 


original Commission and its successors in charge have given ‘the most detailed 
study to the reclamation problem s in the United States. and 


the Fact- ‘Finding Commission—to the errors be minimized. 


— 


One of the outgrowths: of this study was the conclusion that most of these i 
projects. could not be undertaken without some form of ‘subsidy from the 


‘Federal Treasury ind, for this reason, it was decided to fix the construction 


charges commensurately with the marke’ value of ‘the land in question. 


Doubtless 88 much ¥ will have to be added to the present regulations as exper 


ence economic. "developments may dictate within the coming years. 
Tt can not be over- -emphasized, however, that the definite fixing of the co 
struction charges corresponding to the ‘market values of the - land rather than — 


Teelamation costs has obviated. ‘much of the criticisms and incentives 
“attack on the Mexican Federal Commission on Reclamation and its engineers | 


~ such as was practiced | in the United States with the beginning of the repay 
ments. ‘This train of events was pointed out exceedingly well by F. H. 


Newell, M. Am. Soe. C. E., in his discussions of ‘Phases of 


ng has In this the regulations 


rovide that the settler follow the general guidance of the farm advisers 
and a experiment station, from which sources it is believed much good will e: 


Much misunderstanding g has existed as to the 


— 
4g 
| 
a 
— 
a 
4 
4 BS 
| "indicates the importance of proper supervision and 
layout of farm man — 


Discussions 


ae ist not and should not be eB ‘His functions and work are more nearly 
Roar ‘comparable with that of the field men as they are employ ed and directed by 

sugar companies ‘operating in the | Western ‘States. Few of these men 

would qualify as master They do fill an important need, however, 

as general advisers and as purveyors of information well keepers of 


statistical data ‘relating a, needs and the prospects of the individual 


settlers. These’ data may furnish a reliable basis for the future credits and 
assistances be: by the Government, or by other 


‘a system, = and maintained, will in no sense 
impair the settler’ individuality and self- reliance, as it is -¢o-opera- 


tive and helpful. It is obviously unp opular with a certain minority of 


a settlers and sy mpathizers who are chiefly interested j in building and collecting 


pretexts and arguments in defense | of non-payment and non-performance of 
just and practicable dues ; but th this fact does not argue against such ¢ a system | 


of vigilance and help because t he majority of the settlers on any r project | 
are | essentially as honest and as anxious to meet their debts as they become 


due, 


system of | supervision soon becomes popular rather otherwise if 
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DESIGN OF REINFORCED CONCRETE 


EREMIN, Assoc. _M. AM. Soc. 


an extremely | interesting: paper on on design a ‘skew arch and 
“rigid frame.” uke ‘He has” simplified the equations originally” developed” by 


J. Charles Rathbun, M. Am. Soe.’ C. E., and has illustrated their application _ 


The equations for a skew arch with the loads” symmetrical about the 


line between, spandrel walls, discussed in this paper. For the 
_stresses in a skew arch with imetrical concentrated loads the equations 


plan of a with a load, W, at the 


SHOWING PosiTion ov 


Norr.— 
January, 19 
follows: 


The paper by Bernard L. Weiner, Assoc. M. Am. Soc, C. E., was published in 
31, Proceedings. Discussion on this paper has appeared in Prosesmes a 
' May, 1931, by Messrs. G. D. Houtman, and J. Charles Rathbun. C 


Received by the June 29, 
Transactions, Am. Soc. C. E., Vol. LXXXVII (1924), p. 611. 
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the gist in dis 8 Fie 9(b). This. cunsy Toad 


for the ‘moments will be: 
Re 


= cos + Ry exsind +R, 


equations 


be replaced by a a symmetr ical load, W, and a moment, W, 


Chin. 
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tributi 


(75d) 
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m =— tion, as 
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as 
Mr. Weiner If the eccentricity. is zero, the coefficients, C, will be the same 


er 


as given by the author in Equation (25), Appendix I, for the arch with 
symmetrical loads. For a more exact “computation | the n glected_ terms 


Equations (75) and-(76) may be died as shown by Professor Rathbun.” ee 
If the abutments | of “skew arch are likely, to move due to the initia 
stresses, the error in computing the reactions depends upon the assumptions 


of the abutment displacements in six co- so-ordinates. The str stress analysis may 

be simplified by hydraulic jacks at ‘the | crown during 


4 


WING Hypravnic Jacks MrETHOD or SKEW ‘ARCH 


rigid scientific of stress 3 in skew arch it has 
not yet been sufficiently proved that the effect of shear st stresses at the sharp 5 

corner of a section, Fig . 12(b), will be carried uniformly 0 over: the entire 


“width. Bearing in mind the elastic properties. of concrete, | it is more likely 


that the angle, (Fi ig. 14), decreases rapidly from the face toward the middle 


‘Th he design of construction joints has on ‘stress die- 
“tribution i in skew arch. Experimental teste" with a hard rubber model 
of a skew arch has shown a ‘symmetrical distribution of stresses due to the 

“horizontal thrust parallel to spandrel walls and to the -vertical ‘reactions. 


This fact may ‘utilized in designing ‘saw- -toothed construction joint 


' frends to th the neutral axis in the arch and abutments, as shown in Fig. 38. 
bt _ Numerous assumptions were made | in these equations f for stresses in a 
skew arch in order t simplify them and, therefore, experimental tests with 


"models of a fairly large eale oul be mine the ‘magnitude 


Fat 


of the ‘errors introduced 
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as DISCHARGE DIAGRAM. FOR UNIFORM FLOW 


—This ‘paper 
offers a solution 


toa ‘frequently, met in the 


~The influence of a water surface with variable slope on the discharge rela- 


vey 


tion affects the results on streams ‘more frequently than is ordinarily appre- 


ciated. _ When the change i in slope is quite marked this condition is readily — 
identified. However, in many "instances, the ef effect of the variation in 


is so slight that it is confused with a shift of control. 9 In cases where pick tien a - 
ble surface slope is combined with a shifting control, the separation of the two 


rs control is effected on a stream, when the water surface proceeding i in the 
direction of flow changes from a flatter to a steeper ‘slope. Some ‘controls are 
80 slight that they are “dr owned out” when higher stages are 1 Fonche, and the 
condition of variable surface slope is introduced. sein tle 
Before classing : a station as one affected by a variable | surface slope, a a care- 


ful check on the condition | of the intake pipe to the recorder well should b 


e 
: made, since a partly plugged intake | pipe can create the ‘effect of arger dis 


charges on ising stages than on stages. i bas 


taken on the Mokelumne at Woodbridge, Calif., for the year 1927. The 
separation of the curves for “rising” and falling stages is easy to ‘distinguish 


The interpretation of ‘measurements at this station is further complicated by 


shifts j in the control. l The points plotted | on the graph have been adjusted to 


represent times when - the condition | of ‘the ‘control was ‘particularly. uniform. 
The variation between the two not exceed 10% of the flow, 
Norr. 


1931, Pr 
1931) b 


Che. Hydregrapher, East Bay Municipal “sors Dist., 
is ‘* Received by the August 14, 1931. 
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MACKENZIE ON A DISCHARGE DIAGRAM Discussions 


that, in “this case, could be ¢ determined by the 
“use of one average curve to represent rising stages and a second for falling ‘epee: 


aper. 
and level stages. Although it is true. a transition from one slope 


solutior 
Nat: 
with: at 
to 


as Plotted on Graph ar are adjusted» 
al for Condition of Practically Uniform Control - 


on se 
to show 
d. 


commor 


al 800 2800 3200 3600 4¢ 400 4800 a 
10. CurvES, River aT Woopsripcr yon 
_ another must exist, the results of the discharge measurements ‘would appear 
indicate that such transition periods are of brief duration. — ot >, 


Ray E. MACKENZIE, Assoc. M. Am. Soc. C. E. (by letter).”*- The author 
has afforded a ‘good opportunity for discussion « on the “subject of back- water 
effect at a measuring station. While he has simplified the problem of deter- 


“a mining the discharge at a station subject to back-water, further simplification 
is desirable. ~The form taken should be that w vhich best suits the immediate. 
purpose. it this i is s the of gauge heights daily discharge figures, 


| 


This must result from 
graph, as all rating tables do, and will consume time in prep: 


However, must be ‘remembered that the task of reduction to 
discharge is the main one, and it is here that simplicity, sp speed, accuracy, and 
_ facility for checking are of paramount importance. . The rating table is the: 


common and accepted means of reduction, and, therefore, a simple form of it 
should be the more logical method of transfer. OL ot 


The use of separate te tables, one for the ‘ aha the other 


iving values of Ne would p roduce result from a ‘single multi- 
"plication, but two interpolations might be necessary. _ A tabular representa: 
ion of Fi ig. 7, with | columns he aded “Fall, n feet,” and ‘lines to read” 
‘Elevation below Chicago City Datum,” would condense the data into a 
ie single table. With attention given to the probable accuracy of the data, the 
table could be made 80 that hasty interpolation could be accomplished to the 


‘Engr. Dept., 


— oral Mac ma we. 
«(| 
— 
— 
weed 
is use 
for bad 


pure 8 


fats Numerous applications have been made of ‘the principles involved in the ae 


4 mer _ For some time the writer has used the principle i in 1 the ; reverse -condi- 


Natural flood clovations and discharges are ¢ determined from field” 


log attention paid to the elevation and. ‘discharge at the time of the survey 


and to the probable point of zero flow. Often a satisfactory rating curve can 


te made and extended from as few as three points on full logarithmic paper. 
study of sections that form major and : minor controls for various stages 
of flow will materially help the drawing of the curves and their extension to 
pie rations of probable back-water. "Separate rating curves are drawn for 
each section forming an end of a reach. While these should be ‘made so 


o show properly the stage zero flow (or approximately), it is ver y helpful ye 
- in studying the curves and their extensions to draw t the rating curves on a 


i i common scale of elevation. On, such 1 a graph the intersection of curves will . 
Ts 
a level slope between the sections represented. __ 


natural and Equation (13), 


or back- -water flow, and, furthermore, if hm is berscaa esas to H 


2 
= 
i 
— 
4 
| 
ae 
multi al Hy — Ha; in Equation (3 
into 


= 


F ‘MACKENZIE ON A DISCHARGE ‘DIAGRAM | 


AME! 


ater computations, q is known and the point, is 


mputed rise or back- water at the dam or Then, if 


(2) Enter | the rating curve for Section M with Hm dnd: read Quick 

| (8) With Q known, Hy can be read from the rating curve for Sec- Pages 2 
ton 2. and Hg can be read from the rating curve for Section A. SURV 

(4) In Equation (14). substitute values for a Q Ho, 


compute ho (the new back-water point). tinny 
The met hod i is, of course, a cut- -and- -try one, but it gives good approximate a 


results when a a ‘poor assumption hm = Hm is made. + If refinement is witha’ 
required a | possible second t trial should be sufficient to produce a sin eign 


- 

A 


_ Since the rating curve for Section M is the average of the B and | Bite 
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SURVEYS FOR SWIFT RIVER RESERVOIR OF oT | 
BOSTON, METROPOLITAN WATER SUPPLY __ 


atin 


FRANK C. SELLNow, Assoc. 


Frank 0. ‘SELLNOw M. Aw. Bou. C. (by letter). ugh 
‘technical literature is quite replete with the that has been success: 


Ss 


‘arresting: mapping, and acquiring the real estate of reservoir - sites as the 
methods have tended to become standardized. Perhaps it been thought 


that surv eying is too old an art to require further exposition 


“Teservoir ‘sites. That this is a mistake is evidenced by the fact that all too 


often in the past—through too great a subordination of this work ‘to other: 
‘seemingly n more important features | of the project: no well- -considered pro- 


gram was mapped out, the data obtained were not collected with an economy 


of effort, and the results did not meet expectations or fulfill requirements. — 


“naturally, are surrounded by relief will 
f ange from hills to mountains; the valleys are usually fertile land, cultivated, 
and of fairly high value, and there will be some utilities, both public and 
private. Community life will usually center in one or more villages in which, 


also, are occasionally found industries requiring large ‘quantities: of wat 
The upland will usually be avin and, compared with the bottom- lands, of low 


value, The area within the taking line will seldom be less than 5 sq. miles, ty 
or ‘more than 100 sq. |. miles, ‘depending upon the gradient of the stream and 


the size of. the development. this similarity in the physical features, 
standardization 0 of surveying and mapping methods, with such slight modifica 


tions as are necessary to meet local conditions, would seem to be invited. i ha 


_  Nors.— The paper by N. LeR. Hammond, Esq., was presented at the meeting of the 
Surveying and Mapping Division, Boston, Mass., October 10, 1929, and published in Febru- 
ary, 1931, Proceedings. Discussion on the in Proceedings as 
May, 1931, by Messrs. C. B. Breed and C. L. 
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‘Due, perhaps, to t 


he low average value of the land, maps, if any exist, are 
almost invariably of low-grade accuracy, or are published on too small a ‘scale 
to > be of value i in the design of water- works structures, , relocation of utilities, 
r the acquisition of the real estate. The topographical m maps | of the ‘United 

‘States Geological Survey, supplemented by reconnaissance, will usually suffice 
ee determine the feasibility of the project, but before detailed plans can be ’ 
i made a _ topographic map, preferably to a scale of not less than 1 i in. equals —cadast 
200 ft., “must be available. Enlargements of the topographical maps of the 
United States Geological. Survey will only have the effect: of accen tuating tions ¢ 
. the i inaccuracies inherent in drafting these or any | small scale maps and will "reserve 


not produce a map which will fulfill requirements. deman 
_ Simultaneously with the topographical survey, or at least well i in advance meet a 


of the flooding of the reservoir, ¢ a cadastral survey Ir must be made for the pur 


of acq acquiring all the real estate. Fortunately, the locus. ‘approaches the 


followi 
than 2 


ideal for carrying out both these surveys with a high order of accuracy and, distanc 
at the same time, at very ‘reasonable: costs. The manner in which ‘the Swift ir 
— Reservoir surveys were > conducted demonstrates an orderly | and efficient ing pr 


procedure for r collecting the necessary” data. would ‘be interesting and part 
useful information if the cost of the Swift River Reservoir | ‘survey and the ca locatec 
surveys of other reservoirs—classified, say, into triangulation, traverse, real En 
Tis estate, and topography—were published. On a unit of area basis, there should oo ase an 
ne If the terrain is not too heavily wooded, it) can be stated confidently ‘that he ava 
fe the control for both surveys can be established more economically by triangu- : trolled 
si lation than by precise traverse. | Considerable thought a and study will have to er - Bostor 
be ‘devoted to locating the triangulation stations to obtain intervisibility, 

to avoid excessive cutting, and ‘to keep within a 380° angular limitation. 
the reconnaissance, the use of = aerial | map should be a very useful adjunet. gg than ¢ 
To avoid the displacement o or destruction of stations by utility relocations or of 200 
construction activities, they should be located at | least 50 ft. higher in eleva- 5 could | 
tion than the future flow line. They should be preserved by monumentation prints 
and properly referenced, s o that their usefulness will be continued should i it 
be focit denivable Inter years to increase the real estate holdings or to 


make improvements. The surest reference for the control system is to tie, by 
x traverse or triangulation, the origin of the local system of plane co-ordinates 


to one oF more of the control stations on the North American datum. This 
vill have the advantage not only - perpetuating the. survey, but of eliminat- 


could 


In ‘extablishing ‘the triangulation ‘control for the Swift River -Reservoit 


and thei’ positions known. geographical ‘trans 

posed into ipa co- -ordinates, furnished, as stated in the paper, several 


f checks to the new system. This ‘eondition of frequently located monuments, 
geographical -ordinates of which are known, will not ordinarily obtain 


nown, 


, 
— 
— 
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— 
as 
“4 
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st, are ment i in the measurement of the angles would be required eo secure the same = 

a scale B accuracy. Two sets of ‘pointings—each consisting of six measures of the 

ilities, angle and six measures of the explement, with an instrument graduated to ie 

United 20”—would be the least of angular measurements deemed necessary 


suffice for this class of work, 

can be _ Although ‘the several steps: in | establishing the control and in making the 


equals cadastral and topographical surveys of “reservoir: sites may be performed in 
of the “much the same way, the degree of required accuracy will depend upon valua- 
uating tions as between. two reservoir sites or between differen t parts of the same j 
‘reservoir. In general, the higher the valuations the greater the accuracy 
“demanded. In In | any event, the standard adopted for for the cadastral work will 
dvance “meet, all the re requirements of the topographical 3 map. It is believer ed that the 
1€ pur: Allowing specifications for accuracy for maps plotted to a scale not greater 
nes the than 200 ft. to the inch, will meet the most exacting requirements, whether 
and, distances are to be mathematically reduced or scaled: (a) Triangulation, 
> Swift - part in 20 000; (b) + traverses, the stations of which are to be used for locat-— 
ficient ing property corners, or as the starting and closing points of stadia surveys, 


ug and “a part in 10 000; and (c) horizontal di distances between well- defined points as i ’ 


nd the located by stadia, to scale accurately within 3 
3e, real Engineers, for the most part, now Tecognize that aerial photography w will | 


should § “aid and supplement. the e ground of any large tracts. The author made 


commendable use of this comparatively new art » but it it is questionable whether 

ly that he availed himself of its full possibilities. ¥ The aerial survey made was uncon 
riangu- trolled. Control ‘could have been furnished by the valuation maps of the 
have to - Boston and Albany Railroad Company, providing they contain the required — ¢ 


sibility, if not, then a moderate amount of ground control would have been 
on. hh “ecessary, the expense of ‘which, it seems safe to state, would have been more 


djunet offset by the benefits. Iti is believed that controlled mosaics to a scale 
of 200 to the inch, on “sheets” to correspond to ‘the co-ordinate layout, 


could have been obtained at not more than four times the cost of the contact — 


prints. Mosaics in this form would have obviated pantographing and fur 
by direct comparison, a check all Property ‘most 
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OF GROUND- WATER 


W. M. Am. Soc. C. E. (by e st 


mk -water toward wells is not only of scientific interest, but also of real 
4 practical importance. xy Mr. Lewis is to be congratulated on the thorough | and 


defining the constant or care 


exercised to specify unit pressure head ‘difference. That part of 
author's: ‘definition (“Type of Wells”) of the transmission coefficient which 
3 “under the ‘pressure of a column of water of unit height,” is clearly __ 


Uli OL 


fet In a paper entitled “The Drainage of Land Overlying Artesian Basins, ‘eile 
"by Messrs. Willard | Gardner, Ws: 'W. McLaughlin, a and the writer, an equatio 


to the author’ s Equation (3) was derived, namely : 
: in which, in addition to the author’ s notation: ike ; 
= mass of water per unit tim 


= acceleration due to gravity. 


Nory.—The paper De M. R. Lewis, M. Am. Soc. C. E., was published in March, 1931, 


Froceedinge. - Discussion on this paper has appeared in Proceedings, as follows 
1931, L. Standish Assoc. M. Am. Soc. c. 
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_ISRAELSON N GROUND- WATER FLOW TO WELLS 


me: thas, 


transmission “constant ‘that has physical dimensions: of 


Px 


Mets 


n commenting on Equation (5) the duthor states that: will be 
noted | that the factor, w, is somewhat’ analogous the transmission coeffi- 


cient, ke ’ This sta statement could well be made more direct. As shown in ‘Equa- 


se tion Dy w is proportional to the transmission coefficient of the overlying, 


The w, k, and Kea, are are dimension- 


Field” studies of the cone of depression in the piezometric near 


the “axis « of the ‘pump in an experimental drainage well in Utah, of the. Type 


Ab, confirm in general the requirements of Equation 


‘The: author’s Equations (10) and (21) and their applications are of special 
interest. It is ‘important to note that for Type. Ab wells ‘ “satisfactory drain- apparen 
age ” at a given distance from a well is not only a function of h, but also of ‘a that. 


the transmission constant, ky. Equation (8) ‘shows that as” increases, sidered 


decreases, for any given v values of h, w, and Satisfactory drainage with 
Type b wells i is also’ dependent on the quantity of irrigation water applied, concent; 


* thing Measurements of the piezometric surface, as influenced by pumping from a. 2. 
a Type AD well, in Utah, ‘show significant reductions of pressure head at theory _ 
considerably more than 1.000 ft. In this case, it would seem that with th 
were fairly large and m relatively small, satisfactory drainage may be Othe 
secured at a distance from the well several times greater than 0 ‘These, 
oe All the | equations ‘derived by the author, together with the diagrams illus- ay Prof 
trating their applications to typical cases, are of genuine | interest to engineers: of t prim 
who are concerned with “pumping water f from: ground-water sources v whether that, fo 
age ‘the line 


This, a 
> 
is done 


re The increasing “steepness” of the cone of depression of the piezometric 
althoug 


; surface as the axis of the well is approached, especially for water-bearing 


materials s having a relatively low transmission coefficient, stresses the impor 
bila 
tance of research concerning design of wells ted the cone 


a view to 
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OF MULTIPLE: ‘SKEW “ARCHES 
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lying, 


nsion- 

bing of By MESSRS. CHARLES L. Norb, F. W. KEYSER, AND A. A. EREMIN 

L M. Boa. E. (by letter any one familiar 
special with the first paper” written by Professor ‘Rathbun, ‘it will be perfectly 


drain- apparent. that the method presented in ‘this. paper is, in the main, the same 
also of as that used in multiple right arches, in which the reaction of o one is con 


sidered in the computation of the other. 


e wit ‘The Tings are ‘divided into- cantilevers, loaded with | uniform 
pplied, concentrated loads and with the reaction of the cutting plane or planes as in the 


case. of intermediate spans. The entire mathematical analysis. of 


g from the single skew arch as well as the multiple arches is based on Sees flexure 
ead at ‘theory and « can readily be — applied by engineers familiar 


may be Other methods, such ‘virtual work,” oe work,” ” could be used. 
These, however, are too tedious and complicated for the average designer. 
8 illus: Professor Rathbun’s mathematical analysis the single skew arch is 


gineers of primary importance to the profession since it been proved by tests” 


whether that, for vertical loads, the reactions are transferred t to. the supports: along 


* a the lines parallel to the skew. axis and not along | those normal to the support. 
ometric E This, apparently, he contrary to the fundamental law of Nature that work a 
bearing is done by forces along the shortest lines and in most. economical 


although the writer fails to see where there can be an error in Professor 


e heavy 


a paper™ by Professor Oskar Muy, of the ‘Technische Hochschule, Stuttgart, z 
Germany, describing the design and construction a reinforced skew arch 
bridge over the Saar River, near Voelklingen. | In this paper it is stated ; 


pre NotTn.—The paper by J. Charles Rathbun, M. Am. Soc. C. B., was published in April, 
aol. Proceedings. Discussion on this paper has appeared in ‘Proceedings, as follows: 


eptember, 1931, by Messrs. B. L. Weiner and G. D. Houtman. 


"Bridge Engr., State Highway Dept., New 


“Analysis of Stresses in the Ring of Skew Areh, "Transactions, Am. Soe. C. 
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in skew arch the stresses cannot follow the arch as far‘as the 
angles at the haunches, but will run more in the direction of the “plane | 
“normal he abutments, and that, therefore, the tendency is to overstress 


the obtuse corners greatly, w ‘ith the likelihood of breaking them. To meet 


whic 


The 

this situation, these points were heavily reinforced in “a transverse direction, 

Professor Muy advanced no theory to support his view, but based his a assump- ; 

arch wi 

tion solely on what he called “common sense.” This would seem to indicate nce 

renes. 


_ that a theory or method of designing a bese ‘arch was a universal need of 


TABLE 6—Comror. ATIONS FOR AN 80- Span OF A 
q stresses, 
ya For 
ics 
ep to be sc 
h t indeter 
intentionally checked Professor Rathbun’s: statement that | 
certain terms may eliminated and found it correct. Table 6 was pre ately, 
pared in the computation of a skew arch of 80° ft. span, at an angle of 30°, In othe 
" 
, was checked by Professor Rathbun “personally. Mastin 


. Keyser.” (by letter). importance of Professor ‘Rath 


bun’s sitiitbieghathoat achievement is obvious when one realizes the many grade 
TA AE aft way >=. ds, 
Sy 


separations : made necessary by highways crossing other highways, railroa 
The ‘constantly expanding public roads program» and its 


accompanying economy made, the skew arch, definite place i in the 


\ New Haven, Conn, 
6 Received by the Sec: etary A 


| 
— § 
in the | 
= 
— 
| 
— 
— 
— 
. 
minate 
cone 


“November, 1931 KEYSER ON MULTIPLE SKEW ARCHES ON ELASTIC 


The advanced by Professor Rathbun in this. 

) 
an os “and i in his previous paper on skew arches, namely, “Analysis of the S 

ane 
in the Ring of a Concrete Skew ends the long period of 
in which the skew-arch proble em has rested. teat 
‘meet 


eal ‘The slow increase in bridge width| has been greatly "accelerated in 
‘years, and, in a very short time, the effect of eccentric loads on the right 


oy arch will be a primary al nd not a secondary factor in the design of right — 

arches. This | eccentricity y of loads on right arches can no longer be neglected. be 

ed of 

ot Professor Rathbun’s analysis with its accompanying fundamental assumptions — 

a definitely shows the effects of eccentric loads. Not only that, but it - 

an the way to the solution of eccentric stresses in the design of arches in the 


1) ie, fact that Professor ‘Rathbun’ s analysis is an exact one and is based 

on simple fundamental assumptions does not eliminate the case in which the | 


stresses, computed a as ‘such, would be only: approximate : at best x For oe 


‘ered | in practical ¢ cases because even rock has a certain degree of elasticity. 


0.017% “and, therefore, the writer believes that it remains for the designer to : detllin: 
a how far to go in accepting: soil conditions as found and, at the same times, 
"consider ‘the work of the reactions as zero. In other words, Professor Rath- 


-bun’s analysis is. based on an ‘assumption that never actually 


practical cases, although it may be approached. 
1.205 The deformations as calculated are comparatively small; they will have 

be so, in order tc to apply the elastic theory. Ege settlement of the founda- 


tion occurs, it can at best only be estimated ; it certainly ¢: cannot be calculated. _ 
The calculated deformations: and, therefore, the crown reactions which ar 
dependent 1 ‘upon the ‘rigidity of the ‘support, | will necessarily be approximate 
only. In regard to the e author’s: assumption of rigid supports the 


would like toi issue, a solemn warning that 1 the skew as well as any other 


ot excavation for ‘the structure started. 
‘Then, “spread footings, tie-beams, pile foundations, and other ar 


y grade “used to make up for the lack of assumed rigidity. In such cases the e indeter- 
ilroads, -minate structure would not be « economical and might even prove dangerous. 
# * The modulus of elasticity i is s another factor | to be considered. ft _ The writer 


UL ig n 1s 
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‘are at hand, to be studied carefully and delibe § 
nt tht x ied carefully and deli 
at data on the subsoil condition are at hand, to be ‘relied 
ately, so as to determine the exact degree of rig 
Rath- 
cals that foll 
to consider tha factor a constant when dealing with materials that follow th 


LE ‘SKEW ARCHES ‘ELASTIC PIERS» Discussions 


ree eh concrete is one of these materials, 


in "1906, give. a different "Dr. Ing. Rudolph Saliger 
ealled attention to several tests made by Professors Bach, Wayss, and Freytag, ee 
x of Berlin, which indicate that concrete is not one of these materials. $e The 


results of these tests ‘show that the modulus of elasticity for concrete. is. a 


function of the stress, and, therefore, must be treated as a variable and not Bit uo 
asa constant. However, the striking of stress ‘deformation con- 


in whic 


xs 


‘concrete process of concrete. This 

a -eubject has received little attention and much less investigation and, there: 
ae _ fore, must be considered unsolved. These stresses ; may be of such intensity 
3 a as to cause cc considerable variation in the st: stress s computed I by the elastic theory. 
-. Another subject ‘that has received - very little attention and investigation 

is the behavior of large sections under torsional moments. Their behavior is 


nost uncertain and this problem must be ¢ considered as unsolved. eons +e 


These ‘points have been cited to show why structures of the skew- arch 
ype should be designed with conservative stresses, the judgment of expe- 


ience as to conditions of site, and an absolute understanding of the analysis 
ind its orem ‘The writer’ s views are those of the practicing eligitiesr and 


With these points in mind, ‘and under “eat assumption that they may be 


discounted, the writer has made a study of Professor Rathbun’s Ss ana lysis of 
ry skew arches by the Method of Virtual Ww ork, | or as it is more commonly 


known, ‘the Principle of Least Work. — He has checked his formulas for the 
. [ee skew arch as outlined i in Part = of the paper, ‘but in in . the develop- 


ment of Equations (3) for the right side, sign differences were encountered 
directions of forces and moments were assumed to act as in 
Professor Rathbun’s first where they are opposite in direction to 


that in the present paper. ‘These sign ‘differences occur the” writer's 
analysis only when based on his own interpretation of the Method of ‘Virtual 


Work and the sign system for the right half of Arch A (Fig. 8) as developed 


Professor ‘Rathbun’s’ first paper.” By assuming that the directions of 


moments, forces, and « crown deformations, as shown in Figs. 6 and 7, are cor 

= rect, the writer has checked Professor Rathbun’s analysis in sign and terms 
both the right side and the left side. 


The method cof virtual wo rk is based upon Castigliano’s: first theorem." 


ne The derivative ‘of ‘the total internal work, Wi, with respect, to any one 


load or external force, X, is equal to the displacement, A, in the direction 

“Ueber die Peatigkelt ‘Verdinderlich Elasticher Lelpaig, 1904. ia 

% Pransactions, Am. Soc. C. E., Vol. UXXXVII (1924), p. 618. 


_ % “Die Neueren Methoden der Festigkeitslehre und der Statik der Baukonstruktionen,’ 
nd, “Die Graphische Statik der Baukonstruktionen,” by Prof. H, Miiller-Breslal. 
Li ures of the as ded by the writer during his 
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other words, 


in G= modulus of shear 

factor of torsion = — in Professor ‘Rathbun’ 8 


elastic values, which ‘is de denoted by XxX, deter 


‘Hips. 


x modulus of elasticity, E, constant, is 


Left Cantilever Arch -B 


ii fer VB 


29. 


4% in his analysis he writer ‘treated the p 


“reactions of Arch B ‘and pen may | as follows: 
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The The general f h — 
the elastic work is, ag 
differentiati 
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3 Pp proper si 
equation: 
‘The P, forces are the u unit forces in the direction of the (3c), 

ions caused by the P forces. relationship of the forces acting on the | 


Section t) of the pier is shown by the following formulas: 


Highway 

preparat 
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extended 


The 
TABLE 7. Derivatives ror Use 1x (47) spans of 
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to zero, after differentiation becau 


loading 
tion fev 
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(48¢) 


inserting the “values ‘of the 


torsion, 


as ‘obtained from Eq tions 4 


3 
45 
at 
— 


seatons 


values, i 
(46 
(484) tions of deformations in 


ual work 

rms of the P_ forces are determined. the 
“proper ‘substitution of the crown forces of Arch B (Equations (46), in 
equations of detonation, the author’ Equations, (8) are except that, 
on the ‘) It will be noted that the load terms have been neglected. nn writer 


considered ind unloaded. The load terms are 


and ‘in the 


of this 


A. EREMIN,“ Assoc. M.. (by letter)." “The author 


the application of the equations of a cantilever 
arch to the solution of a continuous multiple-span rigid frame. 
ry The equations in the terms of the loading and their reactions at ‘the cut 
developed by» the ‘author may be | solved either simultaneously for 
spans © of the frame, or in the groups of s six equations for each span, by oe 


the reactions in terms of the reactions at the cut 


“ie a 1 frame i is ‘cut it by ‘the sid at the ¢ crown, as shown by Professor Rath- 


bun i in Fig. 3, the e procedure of solution of the frame is the same, , regardless — say 
of the variation in the relative elastic properties of the arches and piers, 


solution of a frame may be by placing the cutting planes: 


The deductions, Ay, x, and 4y, at the top of the piers are usually, mall 
and, therefore, it may that the reactions and Mz, at. the 
cutting plane of one span (Big. 30) will not vary with the changes in 


loading and their reactions at the adjacent spans. According to this -assump- 
| is (48a) tion fewer substitutions will be required to solve the equations. eas Tae? A 


an | 7 If the frame and loading are symmetrical then one cutting plane ‘in Fig 


(48) 30 may be placed symmetrically to the frame and the other sections | at the 
(486) It is interesting to compare Equation (8), used Rathbun 


for « computing the unit shear stress due to torsion moment, to tes earue , 
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_EREMIN ON MULTIPLE ARCHES ON ELASTIO PIERS. 


same for the cross-section with Jat ratio, —=129 


his ‘test, “Professor Bach beams of a square cross-section the 


_-‘Fectangular section with the ratio, — = 2. Therefore, equation andi 


“apparently, cited by P rofess sor Rathbun, are true on ly i il 


‘od? te 


2B 


al 


my 


80, —MULTIPLE-SPAN RIGID FRAME DIVIDED BY CUTTING 


. The writer agrees with Professor Rathbun that the shear reinforcing stet! 


hould be placed at right angles to the main reinforcement. ie very noticeable 
Toss in the efficiency of steel reinforcement occurs if it is placed inclined t 


force. This may be proved by simple geometrical relations. 
In Fig. 81 is shown a steel bar, AB, inclined, to the force, P, at al 


the Jength of a strand, changes to 8, , the, strain in the be 


Therefor 


This 


‘ 
and intré 
tively in 
Profe 


Professic 


a ) and (49) will be th 
in both Equations (8) a 
dy 


19 


aced i: in Mention of the force. 


1.— IN STEEL PRODUCED BY Direcr D DzvORMATION 


may | se proved that the tie-bars placed at right angles to the 


rch in conjunction with the steel | bars in the -extrados 


and intrados, placed also at right angles ‘to each her, will assist most effec 


tively i in earrying the variable stresses in the space. 


A 
to Professor Rathbun deserves the high appreciation of the 
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H. REEVES, NE: LEONARD 
HICKOx, AND DONALD M. BAKER 


REGINALD A. Ryves,” Esq. (by letter) *—This paper represents a formi-_ 
“dable mathematical effort which prompts the question, “Why seek a formula 
all data and assumptions ean applied ‘directly by a graphical 
he The first necessity in making calculations of the flood discharges of cateh- 


ments is to have some means of comparing any catchment with any other 


catchment, even when they differ much in ‘size. Comparisons by means of — 


rates. of flow | per square mile are of little use, since: an accompanying scale 
of the effect of size has to be used i in order that the comparison may produce | sii 


a relation which represents rainfall and run- off conditions only. the 
other hand, formulas i involving | a consideration of the shape of the area are — 


not satisfactory, because, in comparing two catchments, more than one variable _ Be 


is involved, sO that a a relation which represents the rainfall and run-off con- 


ditions only i is ‘not arrived at, although the formula involving shape may § give 


be ‘more accurate result in the estimate of the run-off of § a particular catchment. 


Deh If sha e is to be considered, orientation is, in some cases, of 


2 _ The only satisfactory way. of making general comparisons is the we of 


a simple formula, such as that of Colonel Dickens, first applied in Bengal: ye 


or that of Maj. J. G. Ryves, first in Madras: gents 


ons (76) and (77) en ranges normally. from’ 450 for fat districts near 
E the coast to 700 for limited areas near the hills. However, in the great floo 
that occur about twice in a century, will equal 000: ‘in many 1s. Both 


Q) Nore.—The paper by R. L. Gregory and C. E. Arnold, Associate Members, Am. — 
in a was published in April, 1931, Proceedings. ‘Discussion on this paper has appeared ers 


roceedings, as follows: September, 1931, by Messrs. Te Roy K. ee ae 
Bates, and John W. Raymond, 


®Cons. Engr., London, England. __ 
-by the Secretary July 29, 1931. 
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almost world-wide 

applicability. By Equation ‘the flood run-offs large number of 
catchments i in the arid and semi- -arid areas of the United States, as well a é 
those of catchments in India and other ‘countries, have been made available the out 
bases of ‘comparison, and as checks on the general correctness of is com] 


calculations. co coefficient i is the ¢ criterion, 


coefficient for a ‘given | catchment is found by considering the 


in a number of ¢ cases 1 in which | 1 the area is not very small or very 1 offs ar 
in comparison, and where the intensity of a short-period rainfall is 


ieee More ‘significant data are provided when: (a) The topography is some- time, t 


what similar ; (b) the area is not more than three times nor less than all handics 
_ third the area under consideration ; ; and (c) the intensity ‘of ‘rainfall ‘for the contrib 


ba significant period is about the same. The significant period is the period f fame 

afer total contribution, or the time it takes for water to flow from the part of the per see 

- eatchment most distant, in time, to the outlet. | ‘In some cases, however, a vals for 

smaller area, eliminating gives a larger run-off because of the The 

Such comparisons are very useful and important; but for final estimates position 

of floods the writer always uses the most careful methods of direct calculation, JH likely - 

by m ‘methods of his own,” which are quite ‘probably also followed independ- 

ai ently by other engineers, and may be held to represent the rational method as J rainfall 

criticized by the authors. ‘The ‘procedure i is as follows, the. specific references J include 

being to the writer’s computations made for the “Obras Contra a s Seccas” catchm: 

Department of the Government of Brazil, in 1920-1922: pred eee ® stations 

_1—Rainfall maps, mad “in exactly the ‘same manner as those of annual As: 
ainfall maps, made in exactly the same manner as ose 0 cape 

are e prepared, except that one is ‘made for each day, for the appro the wri 


‘priate period ; that is, a ‘period long enough to overlap the “period of total Trecorde 

 eontribution” by about 50% before, and 50% after, floods f 


2.—The area is divided into a suitable number of portions, usually four 4 As 


or r five in the cases under consideration, : and ‘these portions a are either each 1 a weak 
atchment in itself, approximately, or they are zones, the bounding lines of Which 

oY _ which will divide the streams which have a 4 hours’ ‘Tun to the outlet, ‘from sible to 
i those which have an 8 hours’ run to the ‘outlet, ete. There will be greater great i 
"differences for larger catchments. ‘The choice between these two methods of also the 
forming elements of area is decided | by the — of the catchment and the [i dry cat; 
From the part. of the ‘rainfall of ‘day, each ‘element of prelimi 


the : area the daily rainfall is calculated, zone by, zone, and the average » found, made b 
4,—From curves of daily run- -off, the run- -off for each element of area is obtaines 
_ 5.—The velocities of different lengths of the main stream and its affluents first si 
re data, or by judgment, and the period of larger 


lelay i is deduced for each element of area, or zone. 


This is the period thet 
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—— 
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wide [ must elapse before the water flowing from the element will reach the outlet. 

r of ob is measured from the center of the area, or, if all the areas are of about the 

Il as same size, and roughly each a catchment, it 1 may be ‘measured from 

lable - the outlet of the area. In the latter case the ‘ ‘gathering time” for an element 

ailed Ky is computed, and this isa bi “general handicap” for all the run-off curves - 

g the RA 6.—On a base line, marked off in hours to an open scale, the > daily run Ww 

very offs are plotted, first as. horizontal lines, and then as continuous curves, 

all is bounding the s same area as the horizontal line, ‘each day; but all these curves” 

3 do not start at the same point. ‘Each i is given a handicap, t to the left of zero, 

some- 


time, this handicap being, each case, the period of delay. The longest 


| one- handicap, plus the ‘ ‘sathering time” of that element, is the “period of total 
iod of  ¢. —By totaling the heights of the run- -off curves which are in cubic feet 


of the [per second, at every hour-point for very small catchments or at longer a. 
ver, a @@ vals for larger catchments, the curve of total run- -off i is obtained. port. 


the The maximum run-off and the time of the maximum run- -off are 
A a ‘from Steps 1 to 7 directly. The engineer is now able to judge, from the 
imates Position of the time of. “maximum run- -off on the base line, whether he is 


234! 


lation, “likely to. ‘get a greater 1 run- n-off by taking a shorter “period with | a greater 
epend: “intensity of rainfall; or by taking a longer period with a less intensity of — crt 
hod as rainfall. Usually, however, all that he needs to do is to take a period that uy 


srences includes | the day of greatest recorded rainfall, which in the case of the larger 
Jeccas” “catchments, may : involve the preparation of more than one map, since different — 
Stations may not have recorded their maxima in the same storm, 


annul As the rainfall stations in Northeast Brazil are not very close together, 
appro 7 the writer assumed that the real maximum spot rainfall i is heavier than that 
of total recorded at any station, which is atter of importance in estimates of 


ly four As regards estimating the velocities of the streams, this might seem to be 


each & a weak link in the chain of reasoning, but the records of the Department, wed 
lines of which include curves: of rainfall and run- off plotted ¢ together, make it po i 


at, from sible to find, in a number of cases, , not only the time -elapsing between 


greater ‘great intensity of rainfall and the corresponding intensity of run-off, 

thods of [also the period clapsing between the beginning | of a heavy rainfall on 

and the dry catchment, ‘and the moment when the stream at the outlet begins to flow. 
the “period of total, contribution” has been found, or estimated, 
ment of preliminary estimates of the maximum flood from. any catchment may be 
e fot made by averaging the “weighted”. daily. ‘rainfalls of the stations 
nf around the catchment for a ‘somewhat longer period, and from the curve thus 
f aren is obtained selecting the greatest average fall for Peng included period. equal t to 
the period of total contribution. The run- n-off appropriate to this. fall is, a 
-affluents first sight, the ‘maximum. shorter period, however, may give as large, or 
period df ta larger, run-off, although the e entire area . has not contributed; thus, conside 4 
riod thst an area, A, with three days, as the. of total precipi- 


tation for three | ‘successive days ¥ 
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efficient of — was suitable, “under the conditions, giving — X 0.35 xA rationa 
25 A. cu. . ft. per day, for the dist period of the peak 0 of the flood. afl a be reco 


= mi bt the other hand, one day’s rain in the part of the area nearest the [to thos 
outlet, ‘where the stream velocities are greatest, will be gathered i in many § furnish 


cases, from than one- third (say, five-twelfths) the area. th As 
= intense rainfall of 7.9 in. (0.658 ft.) per day, the coefficient of ru -off i is taken that of 
as —, » and the run-off is, a x 0.658 x 2A = 0. 247 cu. ft. per day, at the & 
«peak. It is obvious that, since a period of one day gives. nearly the ‘same mm characte 


> 


result as a period of three days, this preliminary estimation, a complete Englanc 
ee there are small outlying portions on the far side of “the catchment, the data . bee 
actual result would be t that the calculation for one day would give | the the bar 
greater flood. These “special, tests. are often worth while. the “present estimate 
connection ‘their main significance lies in their obvious “superiority to any straight 


_ formula and their equally obvious inferiority to the hour-by-hour graphical drawn), 


rainfall 
periods, 


ps. approxil 

oe In some cases of direct calculation from the period of total contribution, certain 
the maximum flood is that found by calculating for an area which is the f the rait 
catchment. Jess any extrem ne ‘outlying portions. In the of a long and given h 


- narrow catchment it may be necessary to treat the whole of it, step by step, Ther 


rig in the same way, because the maximum flood may be that due to a short authors 
period of heavy rainfall on quite a small proportion of the ‘catchment, nest estimati 

to the outlet. a The writer has found that this is ‘especially possible i in North mee riod 
shorter | 


eastern Brazil, , where the heaviest rainfalls in any day are often those due to 


"intense falls of much less than a day compared with the average for one day. such as 


is clear. that. a formula is of small value compared with calculations re 
based on the period of total contribution, and > it is even more certain that, sive th 
= final « | estimates, no other ‘system of computation is in the same class with : e diag 


The accuracy of the computations depends upon the different periods 
“delay” being adequately represented. ag ‘Therefore, there ‘must be division into 


areas, the centroids of which» are at various distances from the outlet. 
“Usually, a good method is to define, ‘approximately, nearly whole catchment f 


for the more distant parts of the area and part catchments for the section fl 


nearer the o utlet. ‘The latter. should be separated’ laterally by known «tt 
assumed water partings and, on the other two sides, by lines correspondint 


to those dividing the zones. 7 In zoning, the lines are irregular, § so as to gitt] 


‘approximately the same “delay” for the entire zone. | Division of the catch] 
ae ment into radial sectors fails to utilize the most important feature of division 


into ‘elements, and i is” only a little more accurate ‘than a cr rude whole-are 
a computation, yet such | a crude computation is more accurate than any formuls 


= 


since it allows of the 1 use of smooth curves of rainfall ssttetaaie y and changi 


values of the run- off ratio. ch 


average precipita 
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a subject, , but, in the writer’s opinion, ipo have failed either to disestablish the 
‘rational method or to establish new formulas. First, however, it should b be 
all noted that their opinion that the use e of empirical formulas: is not now to 
be recommended, is is unacceptable—as expressed without qualification— 
st the to » those who, like the writer ,» have found them, in their — forms, to h; 


many furnish very useful comparative data, not otherwise arent 


or the regards the description of the. 


taken § “that of the writer, who, for preliminary ‘ealeulations, 


‘rainfall data sufficient to draw the isoplanes for successive days, ‘shorter 
periods, uses rainfall intensity curve. That shown in Fig. is a good 
characteristic: curve similar to those drawn from data of storms in 
oot "England, India, and Brazil. It | is not, however, a fair presentment of the 


4 
(detail) rational method, which the writer is defending, because rain- gauge 
; ata are used (or should be used) whenever available. — Again, in Table 1 1, 
bands, dh, correspond to zones, but irregular lines based on. 


estimates of ‘rates of flow must give 1 more accurate results: 


ve the 


straight ‘ines. Such irregular lines, therefore, are drawn (or Should be 
aphical drawn), when the area does not lend itself to ‘division into’ elements which 
approximate tos separate. catchments. The “Statement” preceding al 
mae Roe certainly does not apply ’ to the writer’s ‘method, by which, as nearly as — 
is. the ‘the r rainfall ‘of every small element and the off to it 


- There is, however, ‘ a broader and more significant consideration, which the 


~ of n maximum run-off, it is due to the rainfall of 
North: period of contribution over or to that a 


shorter period (salients being excluded). 

such ¢ 


ulations A reversion to the use of formulas, as advocated by the authors w : 
in that give, therefore, less reliable. ‘estimations, because no formula relates, as. 


wi diagram—hour by hour in time and element by 

Fa factors of “pre-soakage,” run-off in proportion to rainfall, rates ‘of flow, and 
| least inaccurate representation possible (by a smooth curve) of the rain- 


sion ini falls: of” days and “those of shorter periods for which it may have been 


outlet In any case, “engineers: are. “not likely to ‘use any considerable 
tchmentf extent a method involving is indicated 


re eee made perhaps the most thorough eae of the problem of run-off which has 


appeared to date. They have pointed out a slight fallacy in the present detail — 


‘method . They have defined several factors (notably slope) which have not 


heretofore been clearly understood, and, with ‘good logic, have discussed other — 
factors. Only — criticism can ‘be offered. 


he catch 
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manner of concentration. Apparently, P is a dimensionless factor 


fi. by trial solutions of sample cases. ‘The writer would like to see a demonstra- : 


% tion proving - that two areas for which P i is equal are geometrically similar as_ 
i ‘shape of area and arrangement | of the | system, because this i is implied. — ‘dt 
_A little ‘confusion in notation exists where the factor, P, is introduced 


forming Equation (19) 


ve: . Possibly y the authors had in mind the desirability of 


keeping the number of symbols at a minimum. In Equation (14), Vr rep- 


, whereas the ‘symbol, Q, in . the same “equation 

a represents the final 1 value. “In Equation (18) if Q still represents the final 
value then ¢ Vr must also represent conditions at the final stage, since 
7 


Q are coincident factors at a given point In Equation (19), eV 
represents average values, althoug is the final value. In this “equation, 


P has been introduced to convert the final value of c ¥ r (corresponding to. 
Although the idea ‘involved 3 in introducing P is is ix may not at once 


obvious. _ Adopt 1 the notation % and s’ for elements at any point 
in the system; Q, ‘and for elements at the lower end; ‘and and 


= 


; hence, 


A, 


The 


at the final point, ‘it follows, from Equa ation 8) that, 
Sai 


to the authors? Equation (19). 


; which has been storm designers. It ‘been 


of an area as” being ‘determined by 


It is believed that the derivation (30) would be more 
fa mathematical notation were used. 


» in which the factors Tepresent 
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in which, Sa is the average slope. Hence, 
2 


ar 


“In PELE Equation (39) it is believed din a ‘different definition of m 


F is required i in ¢ order to permit a . logical following through of the per 
If, for example. m is defined as the percentage of - - 2) stored, a consecutive 
te per acre (storage plus run-off), m (i—2 2) equals cubic feet per second | per 
acre, storage. i—z —m Zz 


) equals cubic feet per second per acre, — 
al run- off; or, A A RE Sew z)— m G —z)] equals cubic feet per second, run-off. 3 
Since, however, CiA « equals cubic feet | per second, run-off, 


fre “4 roils x01 
2 


it is the intention [of users of. the 


- rational method] to 1 assume a uniform intensity over the entire area through- 


out the time of ‘concentration * * The idea involved, how 


ever, 


any point in the system the discharge is “computed from CiA 
eared Cis that is, each element: of area is multiplied by th 
the same value of 4. Hence, since the various elements of area, day ete, did 
ertain ot ‘receive | their contributions of rainfall at simultaneous times, 7 must not 
, iti varied with time, and, therefore, must have been constant. — waitiaine ore 


"Te use of uniform intensities entails the assumption . that the condui 
in ‘the upper part of ‘the system will not be flowing full. Hence, as 
/ authors have now made apparent, the use of the detail ‘method inv 


The authors’ formulas have’ obvious applicability as improvements over 


empirical formulas for computing flow at a point. _For designing 
a system, however, the proposed 1 method is not a short cut, since, of course, 
duit: would have to > be designed i from. inlet point to inlet point, 
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thorough | résumé and analysis of fundamental and mathematical data 


n the subject. It throws new light ¢ on various hitherto obscure and neglected 
aie principles ‘and tends to close up ‘several mistaken channels of thought 
_ which have been established by ‘erroneous conceptions of the meaning of the 


The authors make an especially “point, that the quantities 


computed under the detail method be exceeded under the circumstance 
— the peak of rainfall intensity, becoming synchronized with a large value, 
04, of some tributary area. 4 ‘The writer disagrees with the authors in their 

_ The factors governing the selection of the coefficient of run- -off, 


date ‘therefrom. logic of coefficients of both storage absorp- 


tion, given in Table from experimental work of Ivan Houk, 

MM. Am. Soe. C. E., is not apparent, as the coefficients are distinct from each 

other a and Taust be evaluated by separate experiments. = 

Pa f Comments on the detail rational ‘method of computation regarding, in 


any ‘particular, the method of artiving a at the time of concentration by means of 
varying conduit or channel velocities, bring out possibilities, namely, 
that the time of concentration 1 ‘may equal to the time derived in the 


detail ‘method or may be much greater, dependent on the ‘slope. 
The formula derived for the run-0 -off is built up in an ingenious manner, 
and is “correct under the assumptions. However, “some of the ssvumptions 
not always correct, or they are difficult of application. 


The assumption of uniform rainfall for ‘the time ¢ of concentration is not 

Examination. of storms in Los 
Angeles for a number st io hows. a distinet tendency for the peak rain- 
fall to occur after the middle of the storm. - Approximately 70% of the pre- 
‘cipitation for 1h hour occurs within an . interval of 10 min _ The single peak 
of precipitation will synchronize automatically with the: peak of the CA 


quantities contributing and will produce a higher peak run-off than a uni- 


form rate of rainfall. A large percentage storm drains built by munici- 


palities falls within the time range of. about 60. min. The detail method i is 
much at fi fault as the formula method in this ‘respect. 
‘ as the derivation of the formula, the factor, F, is based | on the conduit 


rainfall is assumed to be» uniform in intensity for the 


‘ of ‘correspondingly ‘per unit net area. The eonduit is 


constructed with a a difference of from 3 to 6 in. between sizes. The designer 
ordinarily s selects the higher dimension as a factor of safety ; furthermore 


: where slopes ar are fiat, che, selects anni to give : a minimum velocity to pre 
- an oversize. Losses for curves and 


Storm Drain Div., of Eng., Dept. of Public Works, Los Angeles, 
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data in the fall of. the surface result is that. for all 
slected above the point aa concentration, and under the uniform intensity assump- 


of the at eae areas with steep slopes, the } pipe will not run “full at all ‘points, v 
_makes the value of F incorrect as tabulated. Inspection of the values of F 
ntities under partly full flow conditions indicates an increased value over that for 
stance full flow for closed conduit, a reverse condition for open-channel sec 
value, tions. In the flatter terrain, where it is possible for | back | pressure to fill the 
1 their conduit, the formula i is possible of ‘solution with the ; given tabular values of © 


tions, _F. However, to be technically correct, it is necessary, for each point of con- 
‘un-off, centration, that detail tabulation of‘ the friction loss of each length of co 


alyzing duit be made, together with other head losses. aggravated example of 
absorp- | “the | latter case oceurs when an existing storm drain on | a flat slope (and sub- 
Houk, sequently relieved of a part of its normal tributary : area | by" an intercepting — 
m each drain) is to be examined for capacity under the reduced area. be he extreme 
—. oversize of the upper part of the conduit makes the application of the eae * 
ing, in doubtful value. A A compensating factor, which applies, ‘practically, to all 
sans of i but the last- mentioned case, i is the low - power of S “used i in the formula, 
1amely, proper judgment in ‘selecting more correct results. are obtainable. 
“Be factor, P has been tabulated by the authors by a 
nptions = of numerous of water- sheds. ‘While it is thus arbitrary, a 
number of of the values reveals. com aratively small differences from 
Pp 
is s not | by detailed the value of * the same for 
k rain- of the factor, to ‘the probability of variation 
he pre- time and To handle this variation in the formula, the value of C/A 
le peak b be estimated from a detailed study of the | area. On areas containing 
he CA a large > percentage of pervious soil, the study will be difficult, due to the fact 


uni that the coefficient of retention with the rate of precipitation for, 


munici- 


saa a The us use pr the formula for general municipal storm-drain design does not 


conduit ‘seem advisable. To be able to use it intelligently, the designer must thor- 
for the a oughly | understand its derivation ‘and ramifications, and generally must make 


t under na analysis equal to that i n the detail method. The careful judgment neces- 
co a sary to achieve correct results i is likely to be slighted i in the desire for a quick 


4 


answer. The authors do not recommend it for such work. For estimating 
Work, it can be cused for time of computations. For bridges and 


r time determined by a an examination of the nucleus” (or initial area et fi) 
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— 
ves and that the formula 
— By using M formula can be applied for fir — 
Angeles a condyj g Method No. 2 pplied for final design. — aa a 


| 
ion sith the corrected time in the use of tl 
an actua 
tabling by th the detail ‘method. a 
The purpose of the authors, to ‘construct a formula capable of arriving at | alt 


close approximation of the ‘run- -off from. a large area, has been attained i in bation 
a that the formula more or less. duplicates the results obtained by the ‘detailed fit would 
x rational method as now practiced. As set forth in the foregoing remarks, it as showr 


eae has certain difficulties’ of application which require close analysis and more : tions wi 


>i 1 a “The writer is inclined to give the ‘greater weight to their recommendation as well a 

ae +a following Table 6, urging ‘ ‘a more unified effort on the part of the profession -esti 
‘only toward a a analysis of present available data, but also future 

experimentation along lines following a> ‘Preconceived plan.” Drainage JOHN 


engineers have about arrived at the end of their resources in theory and nee  gonene 
data to prove or disprove it. fen «they do 


Carn H. Re EV . Au. Soc. C. E. (by letter). “«__The writer is deeply 


preciative of the great amount of work and study shown i in this pape. 
ak od . ae hat which stands out. most prominently i is the logical sequence of the analysis 
; as shown in Part I, ‘and the resultant derivation of the formulas in Part II, “2278 


4 bringing to the fore that most of all 


of C, as given in E uation (39). 
Engineers have apparently let an innate ‘tendency to worship precedent The 


them in the line of least resistance in determining run-0o off. other 


words, _they “have 1 taken for granted all that has been said and written and 
oa have blindly proceeded to apply it to any and all cases without due regard to sip 
the faets i in any particular case ; and by “the facts,” it is intended specifically "he 
to “mention that intensity of rainfall in “its relation | to the off coctfiicien 


has been. a sadly neglected quantity in many calculations. would. appear all 
_ that this is the most important factor i in determining the value of C, or the ‘ay 


ai Equation (39), ait its accompanying explanatory sentences, is so patent 


it: is difficult: to believe th that this feature has been neglected or "ignored 
application of this one idea alone is exeellen 
ion, and will simplify and 
a value of determined only by the presumed best judgment cof the 
he designer, or, i in many cases, his best guess. 
Fundamentally, the rainfall curve as. generally used is ‘the “right bower” 
' to the factor, C, as determined i in this ‘paper. af The analysis of the ‘rainfall na bef 
- curve as. applied i in the so-called rational method is at once both illuminating at 


and the cause of 1 more rational thinking along these lines. As. previously 


Pil mentioned, engineers have been blindly following what they thought ¥ was & 


2a Received by the Secretary October 8, 1981, 
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use of the curve e giving intensities represented the sequence 
an actual storm. It is quite plainly shown that they have 1 not been applyin 


intensities which followed the law of the curve in use. TO heat fut} 


The writer wishes to congratulate the authors of this paper for the simpli- co 
ined in fication and clarification of the many factors affecting run-off; but, withal, 
detailed it would be well not to forget the really definite determination of the factor, ¢, } . 

arks, it a8 shown in Equation (39). The great benefit that this ‘paper and its deduc- 
more tions will mean to engineers in private ‘Practice, -Tailroads, State highway 
en mgineers, -flood-control officials, and others having to do with an economical 
ndation fj 28 well as a safe design of culverts, watercourses, storm drains, etc., cannot: be 


JoHn M. Kemmerer," Assoc. M. Am. Soo. C. E. (by letter) .** “The writer 
is interested in the authors’ discussion of the use of empirical formulas, which — 
Nae, they do not recommend. |. The paper definitely points. out the hazards i in the 
Sri a use of such formulas and clearly demonstrates that they are little better pio ge ‘ 


rainage | 


pe ayer. Factor Q, based upon experimental data, has always required, itl 
analysis continue to require, the very best judgment of engineers. | Under the heading, 


Part IL “Analysis sof J Experimental | Data,” combined 1 with 1 the conclusions, suggestions, 
wits atic and comments of Part I, the authors present a thorough analysis 0 of the factor. Se 
as > a Equation (39) should prove useful as time goes on, and as data are collected ; 


In othel ‘The fact that ‘the run-off coefficient ; increases with intensity is well illus- 
eiaNs trated in the paper by Equations (5), (6), (1), (8), and (9). - Conclusions 
tten and 3) 


egar ye (13 and (14), in ‘the writer’s opinion, , are logically drawn and should receive _ 


the attention of engineers, especially those engaged i in experimental work, ra 


ecifically 
neftoienl The | analysis leading to Equation (24), a master equation, is clear, 
nem factors are included, which make it flexible and: ‘generally applicable to. 


or the all areas. The use of this equation and the | new factors requires a ‘greater 
familiarity with the subject of run- off than been with 


but this should lead to better professional ‘results, ‘wr 

ignored Messrs. Gregory and Arnold are to be commended and. for 
si is the work which they have done in connection with the preparation of thei 

fy al excellent paper. It is: manifest that much. time and. careful thought have 


von been given to the The writer: has often felt the need of some ready 
it of the 


adequate method of determining run- -off and, therefore, commends the ) authors, 
particularly for heir painstaking work which, in his opinion, has. resulted 


| in two contributions: fa). ‘most complete analysis of Factor C 


e rainfall 
minating | 
previously | 
was 
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th 
a new formula the concern is or not the deriva-. 
— tion is based on a logical’ foundation. _ The formula presented in this paper 
- iz ‘is derived by starting with the fundamental | equation, Q=CiA, as used in the 


the. time of concentration eonsequently,; the: The 
velocity is affected by the shape, and type of the flow channel, and the factor, 
is introduced | to allow for. this variation. authors | have presented a 


is unable to explain why should have a constant: value 
in (18). Factor ‘makes a sudden and unannounced appearance in 


“Equation (19), and it is unfortunate the reader must stop and 


a search i in | separate portions ‘of the paper before a an 2 idea may be gained of the 


are influenced by the 
3 e of the area, determines the ‘quantity of water flowing at any certain 


[4 
ae in the main flow’ channel. - ‘The ‘quantity flowing in the main channel 


13 affects the velocity, and, as stated, this affects the time of concentration and 

i discharge. It Tt is evident: that Factor P is introduced ‘to allow “for this varia- a- 

tion in the of the collecting channels. 
wri 


‘tien (19). It is ‘that the expression, mn, 7, r, first as an abstract 


quantity to - determine the value of N, , and then is introduced in Aimer 


ean be expressed a as a function of the factors, 

‘Factor P could then be defined as the ratio of ted dicted quantity flowing 

in ‘the 1 main channel to the quantity. at the outlet. The authors have defined 

the factor, P, as the ratio of the average velocity in the main channel to ‘the 

velocity at the outlet. As the velocity varies with the quantity, it can be 


Weed as measure of Factor as The method of 


)~In Which C=Coefficient of Runoff: A=Area in Acres: R,=Intensity. inches per Hour for One Hour Period 


CAL, 


2 It is the writer’s opinion that all the Santois: included in Equation (2) 


hae a direct effect on the run- “off, and should be considered in any run-of 


eed given adequate discussion on shortcomings of 
nd have stated aasiead) the advantages of 


= 
3 
|; 
| 
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— 
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For Raintall Curve of Type 1 = in 
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1 of the 


channel 
ate) n i and 


is varia- 
g Equa- 
Sines 
“quation 
ion (19) 
flowing 
e defined 
el to the 
t can be | 
ethod of 


omewhat 
es of the 


intensity. Inches per Hour for One Hour Period 


ain Acres: 


FOR (CAR;) 


LIN 


=TIME OF CONCENTRATION MINUTES 


7~t 


g~@ =QUANTITY CUBIC FEET PER SECOND 


 2~S=Siope FEET PER 1000 FEET 


rs 
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‘nit : J Values of t and with (CAR nd (F) 
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13.9 to obtain the Correct 


AND QUANTITY aT INLET Por APPLIES ONLY ~ 


| 
Was 


‘ gagged under “Method No. 1” is justified where seven variables are to be 2 
chosen. _ ‘The | errors made in the choice of values for these variables will 
certainly be greater than any a accuracy gained by ‘this more elaborate method. 
Neither does he consider that the formula will replace ‘te detail | rational 
on ‘method i in the actual detail design ofa ‘drainage system. 
use, as outlined under | “Method No. 2 2,” offers possibilities 
junction the detail method. Where it is _Tecessary to ‘investigate 
different combinations of collecting: channels determine which will give 


eee | flow, or where it is advisable to investigate whether or not a 


 Gregory-Arnold formula will save able time : and labor. us 


Py to which it may | be applied § ist the ‘determination of time of concentration 


Where the discharge at certain points in the water- -shed is needed for ‘the 


; design of 8 some e structure, such as a culvert or bridge, ona stream where nk 
adequate hydrograph i is available (and it is seldom that any satisfactory data 


rainfall intensity distribution are available in connection 
with the hydrograph), the formula used, a as described u 
prove a decided benefit over previous methods computations. ‘It 
“in 1ecessary however, that the , proper assumption for rainfall intensity be made. 


te 3 the correct values of various factors sare U used i in each ease, and the run- “off 


method, with a in time wail labor. writer 
tabled several areas : (about 3000 acres) by the detail. ‘method and has com- 
pared the. discharges and times with those obtained by applying the Gregory- at 


Amold formula, and he v was s somewhat’ surprised at at the close agreement, which 


- 
Ih order save considerable time computations the writer has” 


G 
ire 
= 
a 
a 
4 
=| 
=< 


presen use. The time concentration has been evaluated pr he 


factor which is desired in most instances, and which 1 the quantit 
ean easily be determined. The fo 


method of use: Let, C 0.30; A = = = 10 000 acres; = = 23 in. . per hour; 
10 ft. per 1 000 ft. 5 715 = 0.55; and L= = 


1=3 690, is beyond the limit of the 


CAR, Then enter the seale with the value, 8. 


‘Oc 
— 
il 
— 
Arnold formula. While it is based on a rainfall curve of the type, 1 
— 
and, on a straight ine connecting this value with 10 on the S-scale, 
the intersection with the index line numbered . From this point, on a line 
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Q Beyond Limit of Scale Enter Nomograph with 


and Multiply Value Obtained for V by 3.162 to the Correct 
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is 


1981 


is point, on a line connecting r 0. 0000157 on the — 


read the value of 610 at the intersection with the t- ‘This value will be 

by designated as ‘i From this point, at 610 on the ¢scale, on a line connecting 

- with 3.69 on the CARY scale, —s 16 at the intersection with the Q-scale. ce 
value will be designated Q,. From these values of ¢, and Q, the desired 
time of concentration and discharge are obtained by multiplying by the cor- 

yection factors as given; thus, 0.139 x 610 = 85 min. ; Q = 2683 


‘For some time the writer has been aware of the inadequacy of the usual — 
‘Bibacrion of arbitrarily assuming a period of 5 to 15 min. as the time of con- | 
centration for the initial a area 1 used in the detail ‘rational method. - Actual fe 
observations: ha 
in error, particularly in flat country where initial times of 25 min. have — ; 


¥ observed by the writes, and no doubt even inlet times occur. The 


ai 
initial areas for 1 in 1 the “detail: rational ‘method. ‘The 

Fig. 10, was. prepared to facilitate the use of the formula. numbers 
small circles, give the hip: in which the scales: are used. _ Factor 


“would of the way in a concrete gutter.” Factor Py was assig 
7 a constant. value of 0.50 by : assuming that the average initial area is a rec- oe 


~ tangle, the length being twice the width. Another consideration in using | a 


"constant value for P is the fact that the percentage of error in the variation : 


of P will be relatively | small compared with the error which “may occur in 


the value of C. Where is advisable to use different values for ‘the 


Equation proves 


“give values ones by the use of of the Chery. 
Katie formulas when values of r are greater than 50. will prove useful 


comparing the hydraulic properties af different, types" of channels. 


square feet, of the die: resulting is: 


Bt In this orm, knowing the cross- -sectional area of the channel, the ‘elect 


ean be determined. Equations (50) and (85) can easily be ‘combined on 
ingle nomograph, as given in | Fig. 11, and when used in conjunction 
a a table of factors, makes possible an and rapid solution for the 
‘velocity, using either known area, or quantity, for 2 any channel shape 
In conclusion, ‘the writer \ wishes to state that he considers the paper worthy 
study, and reader will: be amply repaid for his time 
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(by letter) **_The 
ar to. ‘those engaged in n the design of storm 
rs or land drainage systems having regular outlet channels. ‘Its value 
lies in eliminating the error, inherent i in the common method of analysis, of 
ni using a . velocity. and total time of flow in the outlet channel which do not cor: 
ae with the quantity flowing. . In considering a storm over a large area, 

_ the smaller p portions are assumed to be contributing. their share at the same 
high velocity as their own maximum flow. Since the small area. contributes 

3 _ to the maximum ‘discharge for the entire area at a lesser rate than its own 
ale ximum discharge, the velocity of flow is less. This assumption of too high 
- a a velocity leads to ‘shortening the time of concentration, increasing the rate 

na of run-off, consequently, increasing the | size of outlet channels, which 


inere their The ; formulas proposed by the authors fo away 


| 


on Economic ‘and other features” being 
for a large area should not be the same as for a small one. The. curve for 
areas of : a few square miles may be plotted from records made at points ; but 

when an area of 500 sq. miles is considered, as in Example the ‘eurve 80 
4 made; no longer applies. J A storm lasting for 4.4 hours with an intensity of 


in. hour at the point of observation would much Jess 


se ie basin, but. unless the intensity ie the time of concentration occurs simul- 


taneously at all points—which is extremely | improbable on an area of this 


size—the ave: average, intensity on the basin for. the period is less" than that at 


point. Precipitation on 500 miles: would necessarily be more intens 


ie some points s than at others. As the ‘rainfall curve is made up of the maxi- 


TABLE 15.—R ATIO OF AVERAGE Over A GIVEN AREA TO 


OBSERVED WIrTHIn THE AREA, FOR Storms or 1-Day’s To 5 5-Days 


Dthinage: area, area, Coefficient. Drainage area, 


in square miles. in square miles. 


Hirer? 


Vv of the. ‘Technical ‘Reports of the Miami Conservancy District, preset 


coefficien’ s by which to m ultiply the maximum precipitation ‘observed within 
a river basin, , to obtain the average over the basin (the values are probably 

eal slightly high, as" it is assumed that the configuration of the storm - coincides 
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ould be 
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value x subject to abuse, being used far afield from on which they are 
yais, of based. it is the indiscriminate use of empirical formulas by engineers not 
n0t cor- familiar with their derivation and limitations, which has brought them int ‘vid 
ze seni their present disfavor. An empirical formula for the 50-5 year flood, carefully | ee 
1e same based on data obtained | in the. vicinity where it is proposed to be used, and we 
tributes | applied only within the range of these data, or moderately extrapolated, is. 


its own "probably superior to the rational formula. The element of frequency enters caer 
00 high in connection with economic considerations, as it is 8 seldom 1 economical 


the rate - design for the absolute maximum. — The engineer is not so much concerned 


, which with the 1 maximum flood as with that flood which may be expected once bad = 


ie - The rational formula assumes an average rainfall « over ‘the time of con 


@ritention and a uniform distribution over basin. In general, floods a are 
“not produced by these conditions. They are the result of intense locatized 


urve for | storms lasting for a fraction of the time of ¢ concentration; light, warm ile 


> 


nts; but J on snow- -covered, frozen ground ; and, occasionally, the conditions postulated — 
curve 80 by the formula. i these conditions, however, only produced the 50-year flood, ae 


onsity of Bit would still be impossible to evaluate it on the basis of the 50-year rainfall | Pas 
equently because of the uncertainty in the value of the run-off. ‘coefficient. - On stream — 


ty. The basins in the Middle West, the value of C may vary more than 100% for 


ts within [| summer rainfalls of the same average intensity, due solely to the difference in 


rs simul: saturation of the soil. Evidently, only a fraction of the 50-year rainfalls “i 


1 of this ‘produce 50- -year floods, as the soil is more often than not insufficiently saturated — 


1 that at to produce maximum run-off. The problem is further complicated by the ocew 
e intense J rence of floods due to intense local storms and the spring floods due to melt. 


he maxi- ing snow. The empirical formula, however, being based on recorded flo - 
the area, “automatically considers all these factors and groups them into ‘two or three’ 


given Coefficients and exponents. Te bat 


— fs The Towa River Basin above Towa City, Towa, may be taken: asa fair 


example for comparison of rational and empirical formulas. Its drainage ar Fi 
_is3 140 sq. miles; channel length, 261 miles; and average slope, S, 0.425. _ Th J 3 
Pag of P ‘may be taken as 0.65 and that of F as 4.0. ‘The time of concen- ; 


5-Days 


n is approximately 100 hours. | Estim: ating the | 50- -year rainfall intensity | 
charts” prepared by Merrill M. ‘Bernard, M. Am. 


or, for 100, hours, i= 0. 715. Multiplying this _by a taken 4 
ay 
67 Table 15, += 0. 78 x 0.715 = 0. 558. The value of (© for the Iowa River Basin 
cual is probably i in excess of 0.8 35. iy Using these values, the rational formula gives 
t, “presen a discharge of 59 700 ‘cu. ft. per see. ity 
AL Nagler, M. Am. Soe. C. has ‘proposed an empirical form ula, 
ec) for’ the magnitude of the 50- -year flood to be expected on Towa streams, in 


* Proceedings, Am. Soc. C. B., October, 1930, p. 1847. 


of Towa Hoods, Pro ngs, Iowa Eng. 8 


Novem 
i d that the rational formula is ready to displace 
The writer is not convince 
4 
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— 


in e miles. ‘By Equation (86), the discharge i is “45 000 cu. ft. 
loods greater than 350 000 cu. ft. per sec. have occurred three times a at wa 
since 1850, the largest being 50000 cu. ft. per sec. The discharge given 
the formula i is seen to fit at least as well as that by the 


The maximum precipitation | on the Basin is ands 
in in 4 days, or approximately 0.1 in. per hour. ‘With e= 0. 8 cand 
a= 0.4, ‘the maximum flood by the rational formula is 86 900 cu. ft. per see., 
im flood which i is 938% greater than the 50- “year flo flood and obviously beyond ie. 
Dowatp M. Baker,” M. Soc. C (by. letter).” “—The ready accept- 
ance and use of familiar methods and formulas in design and computations, 
fi without « an intelligent consideration of the limitations to which such formulas 
are subject, is a practice too common among engineers. A paper such as 
wherein the influences affecting the different factors embraced in the 
formulas used in the ealculation of storm- -water run 1-off © are discussed and | 
analyzed, ‘is decided service. The design of any storm drain system is a 


process at best, involving many assumptions: and a considerable 


‘master formula, Equation (24), is a considerable improvement. 
goes much farther than older formulas i in the inclusion of v variables by ‘the: 


addition of terms representing changes i in slope and consequent velocity of ead 


main channel above the point of concentration, shape and roughness of this 
channel, and length and sha shape of the water- -shed. It also allows greater flexi 


bility” in ‘determining the period for the » selection of the intensity, and the 
variation in type « of rainfall curve cused. While it is somewhat eomplic ated, 

nevertheless, in any , organization in which much work of this type is done, 
its) use ean be facilitated by the development of curves or nomographs. Dros oT 
(Of the three : factors fundamental relationship between run-— 


1, expressed i in per. (or the ‘rate of contribution of water 
to: the water-shed by precipitation, expressed i in cubic feet ‘per second per 
gere), may be ascertained with approximate accuracy in most localities where 


storm drain systems of any m magnitude are to be constructed. Nevertheless, 


where the formula is to be used i in | the determination of storm or flood flows, 
in mountainous sections, or where precipitation ‘records a are lacking, much 


"may be left to judgment or imagination. 


However, it i is the factor, which affords the for widest varia: 
in the use of judgment. ‘General reference to this factor textbooks 
and technical ‘Papers seems ‘to be based largel y upon arbitrary assumptions or 
upon some previous reference : and not upon results of actual experience. } No 


one can subject attention without being impressed with the 
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"paucity of experimen carried on ‘establish values for ‘this factor. 


Storm drain systems are expensive ; a complete drainage system in a residen- 
tial section, designed for a reasonable frequency of excessive - precipitation, 


given 


more. The cost of such system, other things being equal, varies directly with — 


Ishor, 
‘cost of or box- drains used to carry” the water, and this, in turn, 


al may cost $500 to $1 000 per acre, or $320 000 to $640 000 per ‘sq. mile, aianere 


flow, which varies with the factor, can readily 
nd the 

aad P= tion in the cost is a ponte system of from $50 to $100 per per acre, or $ 

ahs to 864 000 per sq. mile. ; In the light of this, it is ‘surprising that more com-— 
ations, ‘munities | engaged i in ‘large programs of storm drain 
rmulas embarked upon a program of investigations of values for this facto Noth- 


uch as ing like the amount of research has been given to it as to » the e de rmination — 
in the ¥ of such factors as pro proper r values for Kutter’ 8 n, or constants in weir formulas, — 
J 

ad and ~ Such experimentation should logically be done by a governmental agency, i 
m a order that the results obtained could be made widely available. However, 
derable x there ; does not appear to be : such an 1 agency in the F ederal ee 
a a could logically be considered as interested in this subject. _ a 

nt. It The mathematical proof which the authors offer in s of their 
by the _ conclusions regarding variation of C with intensity, | ete., is of considerable _ 


r of the E interest, and increases the confidence with which these conclusions may te 
of this 


used. A further feature of interest is the derivation of Equation | (39), indi- 
er flexi- eating the manner i ‘in which the rate of run- off varies with intensity 
and the | _ precipitation. In this equation, ‘m expresses such influences as roughness of 


licated, the ground surface of the water- shed, and the retarding effect of vegetal cover. a oe 
is done, - Interception of precipitation by. ‘trees and brush, or ‘its storage in a mulch of 


1 


deat: mould, or in a dense ‘grass cover, may result in the collection of a con- 
en Tun- siderable « quantity of Precipitation, until saturation occurs and allows run- 


he area, to eed. A few investigations along these lines have been n 
expel menters interested in irrigation development and in the protection of 

= ter-sheds against fires. The quantity, a1 used in Equation (89) is influenced 

_ principally by the soil, type and the slope | of the ground surface. — Duri ring a 

visit, the writer was impressed by the lack of evidences of erosion on 

srtheless, the floor of the ‘Valley of Mexico as well: as in Florida. Storms of high 


od flows _ intensity and ‘rather prolonged duration oceur these localities, | but. the soil 
8; + a appears to have such a high absorptive capacity that run-off is not evident. 

z a Some sandy soils, however, do not have this high capacity, due probably to 


pextbooks ; The slope of the ground surface affects the rate at which the surface water 


ptions concentrates in the s small br channels and travels i in them, but 
nce. NO 


with 


tits 


When however, surplus collects, which “produces run-off. With flat 
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rate of absorption is greater than the rate of precipitation, or when ne a _ 
t 


spes, velocity of run-off is depth of ru run- -off is increased, and the 


—_—— head of water on the soil surface also is increased. ‘Using the same 


in constant, and 2 = maximum unit rate of absorption by. ‘soil 


without su yerim osed head, constant for any iven soil and surface condition ; 


Let v=velocity; d= depth of water "flowing soil; =a 


d, approximately, Equation (88) re duces to, 


2’ = rate of percolation from run-off, and k” = =a constant. 


rate of also varies as the superimposed head 


the difference between the precipitation, and. ‘the. 
absorption rate of the soil, and also increases directly a certain» manner 


ae, ‘surface roughness, but increases inversely with the cube root of 


4 ae explanation | of the fact that a zero value. of s would make 2” approach 


infinity, it may be stated. that. this relationship only holds when the velocity 
of flow of the run- -off follows the Kutter formula. 
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: as. Shera: _ “The specified measure of sand (eanal to voids in gravel em 
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ob 


Sranton Waker,” Assoc. M. Am. Soc. C. E. (by letter). “—The factors to 


which emphasis should be given in the design and control of conerete ¢ on the 


have been clearly and concisely described in 1 this paper. here are 
certain: points, however, which, it is believed, will be clarified by further 


: In the paragraph, headed ‘ “Specifications,” it is stated that “sand was a 


“voids in n the gravel * * In “Appendix, IL, under “Batch “Mixing?” a i 


i 15% of voids) will ordinarily give only a quliicient amount when a workable 
he design of proportions by. ‘the first “yule. would result in the use of 


much less sand is ‘ordinarily considered necessary for workability. 


‘Taking the highest percentage of “dry- -and-rodded” voids reported i in Table 3 


(87. 1%) and assuming a percentage of voids of 35 for the sand and a net ie 
-water- ratio of 0.9 mix of about 1:1. 5. is obtained for conerete 


taining 5 ‘sacks of cement p per cu. yd. by ‘the application | of the first. le oh 
The application of ‘the | second Tule results in proportions more nearly ‘those i: 
that: are ordinarily used although, ‘in the writer’s o opinion, ‘such mixes are 
‘still considerably “ander- sanded” for the usual conditions. ‘Using the ‘same 


assumptions, a 1: :1. 8 4.4 mix is ‘obtained. “The writer would be interested 
in knowing which. of the ‘two ‘ules was, actually applied i in the design of the ; 


Peek 


“eonerete, In hi “opinion neither one of them represents. a 


on account of the resulting ~“ander- sandedness” the, mix. 


1931. Norr.—The paper by William M. Hall, M. Am. Soc. C. H., was published in 
at, , Proceedings. Discussion of the paper has appeared in Proceedings, as follows: 


- September, 1931, by Messrs. Henry B. Seaman, Theodore Belzner, John Sanford Peck, and | 


ector, Eng. and Research National Sand and Gravel Asso¢., ‘Washington, D. Cc 
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of 
the coarse aggregate will be required satisfactory workability 


Pex for the usual conditions, and this factor will vary with the size and grading of — 


procedure for whether oF not the teat have plane 
ends i is described in Appendix I. ‘This is one of the most important factors | oe 
in securing uniform test ‘results and one which i is often overlooked . As 


of the apparent lack of uniformity i in tests of field specimens is due to poor ‘a 
technique as it is to actual variations in the quality of the ec 
crete. _ The writer does not agree that it is sufficiently accurate to determine ote 
the “Feel, ” when a _ cylinder i is rocked | on a plane surface, if the end is in | 


W 


te: 
me satisfactory condition; it may be concave and, if that is the case, it may 
“feel” perfectly solid. ‘The ends should be tested with a straight-edge or by 


The ‘importance of having» the ends the test cylinders “ perfectly “believ 
-assura 


parallel” is‘also stressed in Appendix This condition is practically i impos- 

_— of attainment and reasonable deviation from it is not important if the 2 
eylinders are tested in a machine equipped with a suitable spherical bearing 


information has been given by H. F. Gonnerman, M. Am n. -peratu 
Soe. C. E., on these questions.” While Mr. Gonnerman showed convex ‘ends Unive 
‘be considerably more detrimental than concave ones, the reductions in “first d 
"strength for the latter condition were important. Cylinders with the top surface is affe 


inclined showed no reductions in strength for : an inclination of } in. in 6 in., ; ‘peratu 


and only about 5% reduction for in. in 6 in. ial in, 
E. Bauer,” Assoc. M. Am. Soc. C (by letter).“*—It is grati- oof cu 
fying to note the care that was exercised i in ‘securing concrete of high quality — mum 


on these particular projects. Too ‘often the feeling exists that care and exact Cyl 
ness have no place on the construction job; that it is only in the laboratory & crete 
that these items need consideration. Mr. Hall and his assistants are to ee . 
commended for the excellence of their program for s supervising the production peer 7 


The writer wishes to emphasize the importance of attending to details in | uk aie 


to any ig ield cylinders are valuable, but unless certain 

are followed in their making and handling, the results 1 may, be erroneous | 

ee f no value. The cylinders must also be tested properly. oe a 


Mr. "Hall has n oted that. “many of his -eylinders ha d to be j ust 
prior to testing, in order to secure an even bearing surface on both ends. 


he writer has noted in his testing work that whenever it is “necessary to to 
eap a a cylinder » with plaster of Paris, the erushing strength value is almost 
= _ always lower than that of cylinders properly made. The ends should be made 


14 of End Condition of Cylinder on Compressive Strength of Concrete,” 
ulletin 14, Structural Materials Research Laboratory, Lewis Inst., Chicago, Ill. : reprinted 
Proceedings, Am. Soc, for Testing Materials, April, 1925, Vol. 24, II, 


Asst. Prof., Civ. Eng., Univ. of Illinois, Urbana, 
15a Received by the Secretary 
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der are cast in the field. . It is difficult ae 
plate ‘or the ‘glinder in applying the plaster- -of- Paris cap and 
produce a curved surface. . The proper making of the | -eylinders should 
“be given more attention by field men, in general. _ Cylinders that are patched 


in the laboratory not be made to give correct results. 
Oylinders without plane ends: should never be be tested, yet one occasionally 


hears of this being done in some laboratory. wa 
Appendix I the statement is made that the ends should “perfectly 


- parallel? > The writer sees no need for this, since t the properly equipped test- 


ne by fo = ing machine has a spherical bearing block to be used on top of the specimen — ee, 
is in ss to allow for any lack of parallelism in the ends. . would seem that any 
; may attempt to secure perfectly parallel ends with an ordinary carpenter’s square | 
or by would be be a hopeless task. While no statement is made as” to whether or not 
spherical bearing block w was used, the precautions recommended lead one to 
mm, believe that it was not. | Without a spherical block there can be no positive ye 
impos: "assurance that the load is distributed over the entire cylinder. Concentra-— 


if the tion of p pressure on a small a area will cause the -eylinder to fai 


[. Am. perature of which may have varied | between 60° and $ 90° Fahr. rT Tests at the 
x ends — University of Mlinois’ * indicate that if ‘the curing temperature after the 
ons in % first day is varied a uniform amount for the entire curing period, the strength 


surface is affected about 30 to 35 Ib. per in. per degree of change i in curing tem 
16 in, perature. The concrete in these tests showed a : strength of 5 400 Tb. pe 
in. at 28 days under s standard curing conditions. The 1929 cylinders: are 
ae cs fairly close to this figure, ‘so that it ‘may be safely assumed that the range 

grati- of curing temperatures: cngth of 900 on the Ohio a maxi- i- 
quality 
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_ DESIGN OF LARGE PIPE LINES 


Messrs. L. J. MENSCH, AND W. Roop 


MEnscH, Am. Soo. | E. (by letter) “This interesting 


— is too abbreviated for American practice. It is based on a number of German 
articles on the strength | of membranes, the authors of which claim to have | 
"obtained simple working formulas by making simplifying assumptions in 
the treatment of the subject as found i in Professor Love’s “Treatise of 

Mathematical Theory o of Elasticity.” The author accepts their differential 


equations on trust and ‘then calls his s product. an exact theory. ‘This latter 

expression i is constantly found in all prominent works on elasticity from Pro- ; 
fessor St. ‘Venant on, writer considers it “very: misleading and 


‘ah we unjustified by tests and experience. Geometry i is considered an exact science 


= the purpose of the engineer (but not for that of the astronomer 
si: jemann and Einstein have showed), but the new sciences of mechanics and 


_ strength of materials are not. advanced far enough to treat of exact theories — 
in these branches. | - Engineers have no ‘exact column theory, nor an exact 


beam theory, but simply a belief that their hypotheses lead to formulas with 


| more or less approximation of the truth. ai 


bss Equations (2) and (3) were obtained by omitting a a great many factors 
pr what Professor Love calls the equations of equilibrium of an infini- 
tesimal part of the surface of a membrane. seems that. for ‘the case of a 
full- circle pipe, simply supported around its periphery, these equations lead, 

as ; the author shows, to useful results which agree with the ‘common. theory 


it should be noted, however, that his assumption of “stresses for a continuous 


3 “pipe on many supports cannot be derived from Equations (2) and (3), but 
are based on the common theory of bending only. Dischinger used these 
equations: for the design of elliptically shaped roofs, but in such cases the 
writer found that his stresses deviate as much as 50% from those obtained 


by: ‘the common theory, and although | the firm with which he is: connected, 


_ Norp.—The paper by Herman Schorer, Assoc. M. Am. “eC E., was published in 
_ September, 19381, Proceedings. This discussion is printed in Proceedings, in order that th 
Ws expressed may be brought before all members for further discussion. — ik 
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_thade large-size — 
satiety ot 1ts concepts ie 


ordinary er engineer ‘they appear anil ‘novel. Let it be 


similar roofs were constructed in the United States ten to twenty exten 
before they were tried in Germany. pele me 
practicing engineer will not have the time nor the opportunity the Ww 
look 1 up all the authorities cited by 1 the author a and lead him to and 

: ‘disregard, or look with suspicion upon ‘this valuable paper. ‘The writer is and I 
ase pleased to state that more than twenty years ago he obtained the € same I results ‘Shel 

as the author by a much simpler method, and can attest the correctness of va It 


a Equation (28). He knows that Equation (29) wv was obtained by a difficult “tained 
chain of reasonings, with many approximations it may be correct. He can of doi 


give, however, s some data ‘on the condition of restraint which will simplify left o 
he understanding and work of the designer. rim stresses of of the 
become zero at the distance, x xz = 0.588 rt. maximum “form 
occurs at nearly, twice this distance from the rim, namely, 1. 15 4 tt, and these “typica 
reversed. stresses amount to ‘04 In n the author’s example, r = 60 in. and ‘examy 
=4 in.; two critical distances are 2.75 in. and 4.40 in., respec: 
This shows that there are” great. changes of stress in very short 
distance, involving considerable shear, and this part of the pipe should be. “bs 
_earefully designed, with low stresses, which practice was recommended to his ‘gad 
half o 
students by Professor Grashof more than fifty years ago. ft In the design of 
the circular 1 ring disk the consideration of the Lamé stresses might be be 
‘spec 
sition 
P. Roop,” M. Am. Soc. C. E. (by letter) “This interesting and Such 
os important paper gives a theoretical analysis of a novel type of support for Oe 
horizontally disposed, thin- walled tubes. Tas the section headed, “Direct 
” genera 
Stresses in Pipe Shell, ‘solutions are offered for the stresses due to weight 8 
of tube and ‘contents, carried by the tube itself, considered « as a girder, and : Ty 
The 
also_ as modified by the tensile stresses in the shell (rim stresses) due to a J 
a 


hydrostatic pressure. In a second section these rim stresses receive more 
detailed study, especially as affected by the supports, consisting of very 
rigid peripheral stiffeners. The stresses in these rings themselves ‘are con- : , 


‘sidered in a third section, and the | paper closes with examples showing the 


The mathematical "procedure is somewhat formal, but the details could 


being ; 
found 
analysi 
toward 


‘through | ‘closely. The st summary is The: present comment is con- 


— to references to related work not: quoted, and to emphasizing ‘some 
h ch ‘may possibly not otherwise come to the notice of the casa 


Lieut. , U. S. Asst. to Sup. ‘Constr. for, U. New 


Received by the ‘Secretar 
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of draws en enormous benefit with Tespect: ‘to its 
rigidity from its symmetry, ‘and the application studied by Mr. Schorer, while tae 


extending to various cases mentioned under “Example and Applications,” by 


“no means exhausts ‘the usefulness of such a symmetrical form. As examples, 
the writer wishes to cite the cantilevers upon which he reported in 1929 


and the tubes under external pressure discussed by Messrs. H. E. Saunders here 


structure, of 


nd D. F. Windenburg in a paper" 7 entitled “Strength of Thin 1 Oylindrical 
‘It is necessary, course, that the circular form be adequa tely main- 


‘fficult tained, and peripheral stiffener has been to be an effective means 


le can of doing: this. In the: cases thus far mentioned, the interior of the shell is a, 
mplify “left 0 open and the stiffeners are rin ngs, , inside or outside. In other cases, Rs ery 
> howeve it is possible to use diaphragms extending entirely across the section 
tas of the cylinder. Suc ch, for ex xample, are the transverse bulkhe ads in a su ee 
marine. Although surface ships depart widely from circular sections, the 
form is approximately cylindrical on a se section par tly symmetrical. The 

d typical structure is reproduced naturally i in the stem of the ‘bamboo plant. 

‘Turning again to Mr. Schorer’s ‘paper, it is noted that his 
example shows stresses of an acceptable intensity in pipe the diameter 


; which is 480 thicknesses supported only by peripheral stiffeners at intervals 


of 6 diameters. Contrast. ‘such a structure with one of cast pipe, supported 
by trusses, such as may be seen in many large industrial plants. — The writer . 


y short 
a his “believes that there is no doubt that s savings in weight of the order of on 


ia half or more of that u used in continuous structures of traditional ‘uae. can 

cht De made in many cases by close analysis of the requirements of accurately 


_— "specified 1 loads, and that a structure of continuous character may be built up 


of plates shockingly thin if due attention is given ‘to their favorable dispo- 


sition and - to their adequate: support even at rather widely spaced boundaries. 


a Sue h a struc ‘ture will generally be char acterized by high rigidity and by 
relative immunity to. complete failure ‘due to moderate local damage. In 


“Direct 
age general, the more specific the load, however, the greater the liability to ‘injury 
use thin plating perhaps has extended further i in ship. building 
) due to 
Aaa and airer aft construction) than i in other branches of engineering. _ Structures 
e mo 
“of of high | weight- efficiency and, ‘at the same time, , high adaptability to 
or ve 
termined loads have been developed, very largely through empirical and 
ie | evo utional methods. it has more than | once occurred that analysis like, that — 
win 
used by Mr, “Schorer has led to the conclusion that the type of structure 


evolved by experience has merits which the analysis reveals clearly, without 


being able to carry them much further. Experience has rather blindly 

> analysis found the way in advance « of analysis. ‘Such “cases, “however, ar are exceptional ; 
at is com analysis can proceed systematically and, at least, greatly a accelerate “progress 
ing come toward ‘the structure perfectly designed for its 


16 Transactions, Am. Soc. Mech. Bngrs., 
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| NEW JERSEY SEWAGE. EXPERIMENTS. 


_ PROGRESS REPORT OF THE COMMITTEE OF THE 


ie 


iscussion 


EDMUND | B. BESSELIEVRE, | 


’ anf 


B. M. Am. Soc. C. (by. *_'The work 


by the New Jersey Sewage Experiment Station under the guidance of = ‘ 


‘Willem has been of great and aid to. the Soni- 


much. of the in sewage treatment that in the ten 


‘years sinoe 1890. of groping in. the dark theorizing, 


lants assurance of much ¢ 


mT It is perhaps to be r regretted that all the field work of the New Je ersey 
Station should carried at one plant instead of using several plants” 


of different types as field stations. _ While true comparison of results cannot 


be obtained from two plants operating on different sewage, nevertheless con-- 


siderable information the different, conditions and reactions may thus 
be gained. Except on a relatively small scale, direct comparisons on the 
‘same sewage cannot be made and, as a general tule, small-scale experimental 


work cannot be directly translated into full- sized plant. practice without 
study and weighting of all conditions. bose 


i. Much of the Committee’s report is given to discussion of digestion car- 


fad on at high temperatures, or “thermophillic” digestion, as_ ‘it is called. 


(The aim. of any method of digestion of fresh organic ‘solids, must be 
produce a a well. digested, odorless, quickly drying sludge i in n the. shortest time 
consistent with true economy. * Balanced against the reported short period 


Nore .—This report of the Committee of the Sanitary Engineering Division on New 
Jersey Sewage Experiments: was presented at the meeting of the Sanitary Engi 

Division at Norfolk, Va., 
di 


ineering 
on April 16, 1931, and published’ in August, 1931, Proceedings. 


scussion is printed in Proceedings in onder; that the views eneeres may) be brought — 
efore all members for further dise ussion. 
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in the must be the cost of the same 
_ ditions on | a large scale for plants” handling large ¢ volumes of sludge daily. 


x It is in the large plant that a reduction i in time counts, if economy in cost 


4 of construction and operation are achieved as well. Against this, however, 


must be charged the difficulties | of insulating” large tanks against heat los 


and the le expense of heating the water to the higher temperatures necessary, 


It is pointed out that the volume of gas under “thermophillie’ ? conditions 
is greater than i in desc wcsne at ordinary temperatures. ‘ach pound of organic 


is. of ‘producing a certain quantity of 


time, but the ‘total gas on the of solids added, will eventually 
of reaction in digestion tanks has been demonstrated so clearly 


by a great many ‘operating plants in the United States and other countries 


that: it and the value, of pontine need no defense discussion. Numerous 


is stated that Timing prevents foaming and scum formatio Scum 


and foam “may also be prevented or eliminated by other me: ins, “such as 


tet The statement is made that managers : of great Imhoff plants élaini ‘ ‘it is 
not | necessary, to stir digesting sludge.” Few claims have been made as to 
the “necessity” of stirring, but the benefits of providing a means for insur- 
ing proper contact between the : raw solids ¢ and digesting sludge have been 
ms 80 clearly shown that it is now recognized a as a benefit and economy to pro 


The records of the ten years” (1922-1981, in the Uni 
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the digestion of sludge has been made a reliable 1 possibility | 


at 


a has been’ the cause for the adoption of the separate digestion method at 


practically all representative plants built recent years. Mueh of the 
research work which developed the essential features and “means for this 
successful application, ha 1s been carried out by or with ‘the assistance of one 


or two commercial firms whose basic idea was to’ prove that: sludge digestion 
and other related operations could be made positive and reliable. The us 


of mechanical ¥ units in digestion tanks and in ‘settling t tanks has been due 


to the development of a need for such devices rather than from any attitude 


3s building a machine and then endeavoring to force the opinion that it 
alone can. produce a given result. Surely there would not be to-day a total 
of more than one hundred and forty digesters in operation, using mechaniel 
We ‘means: for ‘breaking ‘up scum and maintaining the sludge in a ‘porous ( 
dition, if such units had not proved their worth, = 
‘The heating plants of many installations of mechanically eq sisicteana di 
ave burned ‘without interruption for periods of years, ‘indicating a rematk 


ably uniform record of gas production. competent engineers 


observed that tanks ‘equipped with these thoroughly developed. mea 
m on them at any, time, 
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NEW JERSE 

VRE | 


cineulation of by pumping or othe 


solids at It bedins better to provide means prevent ‘the 
forming rather than to depend on ‘methods: to. break it. down. n 


Siler of ‘displaced liquid of low \polid content. of no o avail. if the dis 
‘organic placed 1 iquid is high in partly digested organic ‘solids, for it then ae 
ntity of a subsequent disposal problem and is simply transferring the digestion proc- 


ed ina ess from one place to another. | Re-circulation of large quantities of sludge 
entually to the top water will ‘undoubtedly mean that a large proportion. of these 


t 


“solids, thrown again. into suspension, will pass out of the tank through the 


clearly overflow. The developed means for preventing scum and keeping bottom 
ountries sludge in an open porous condition do ‘not move rapidly enough to throw 7 
umerous “solids into” suspension and do not increase’ the percentage of solids i in the 
without “overflow. By obtaining a low-moisture ‘sludge’ from the sedimentation units 


lishment and adding ‘this daily to ‘the digesters, both the quantity and strength of the Ned 
ye _ displaced liquid will be at a minimum. This relatively small quantity of dis- ra 


. Scum placed liquid | entails no serious: problem It may be returned 


“such as to the raw sewage without, effecting the ‘effluent. 


The removal of grease, oil, and fibrous and undigestible material from 


m “it is ~ sew age before the sludge is sent to the digesters is of self- evident value as 
ide as a scum preventive, and also helps to reduce digestion capacity and time. 


‘or insur “Se reens, oil catchers, -detritors, and -skimmers on sedimentatio units have as 


ave been developed for this purpose. 
y topo [hat the addition of chlorine to raw sewage 


mentally affect, digestion has been demonstrated at several plants. At Red 


show that Bank, N. J., the results of prechlorination have been to increase the removal 


ossibility of solids, prevent scum on the sedimentation units, and a lowered bio-chemical 


nethod at oxygen demand of final effluent. No decrease in gas production in the 


1 of digester or ‘deterioration. of th e sludge has been found. 


18 
for this _ Experience at Birmingham, England, with period aeration (1 hour) 


ior 
ce of OM of settled sewage previous to its application to trickling filters provided with 


fixed spray nozzles, ‘compared to unaerated sewa age 
vie use 
The filters with revolving distributors, has developed two ‘desided advantages 
irst, the absence of flies around the filter ; and, ‘second, the absence of odors. 


attitude 
y ‘Wit ith relief from 1 the common fly troubles and from odors, the of. 
ntl 4 ‘l 4 aeration in large plants could probably be shown to be an economy. In yg 


case of small plants in closely built-up localities it would serve as 


‘ nici 
necha teetive measure, although not necessarily an economy. 
: ; ee -As the use of the ; activated sludge method of sewage treatment is iy 
sc ie gaining, especially for the larger plants, it would seem to be of considerable _ 
d digester 


interest to the profession if the New J ersey Station could carry out some 


investigations on various phases of that method. siderable work i 
being done i in the: ‘Ruhrvert band, Germany, with two o-stage aeration and, wee 


several plants, recently inspected by the writer, very ‘good effluents. are being 3 
fc 4 
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on American a ‘total 


of from 2} to hours, While this. method involves 
"additional sedimentation step between the stages: of aeration, the reduction 
oa size of tanks made possible by the shorter period would still make the 

_ operation an economy. The benefits of this method as applied to’ American 
sewage might be worth while demonstrating. Another phase would be the 
demonstration of the value of returning ‘the excess activated sludge to the 


The New Jerse ersey Sewage Station, im one of 


> apie which has a great number and variety of sewage plants, has an 
 unexcelled opportunity to make more extended field studies” for comparison 


and should not ‘restrict its efforts: to one location... Agprosshed properly, 


ork, and the ‘funds for the “operation, of Station should be 


: made available without restriction ; as to the locale of their use. 
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DISCUSSIONS 
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HIGHWAY CONSTRUCTION MANAGEMENT 


> 


sti. 


ussion 


‘od? to 


interesting: and The pes: of my is frequently affected materially 


by its location its timeliness with reference to other work, Unfor- 
tunately, economy of construction seldom the controlling factor in th 


_-passing of ab bond issue; the volume of noise made by the respective interested 


is usually much more potent. In fact, the psy chology of selfish 


— a study as. the engineering problems: involved. 
The politician makes ie welkin ring with his pre-election 1 grief over the 


hardships of his. constituents and ‘promises to raise them “out of the mud’ 
if he is elected. A After election, _ that locality containing the most votes ‘gets ie 
improvements regardless of whether the work in that section forms | a 


Tink i in a system that will serve the, greatest number or, due to location, is 


"more expensive to build than it would be later after another section 


mi Me Thsufficiency « of funds and the necessity of giving some relief a 
compel. the construction, for instance, of an inadequate drainage system or 
_ other ‘project that later must be reconstructed and enlarged at an increased an 
“unit cost, Many_ other reasons of expediency often affect ultimate costs. 
_ These are practical considerations that have to be borne in ‘mind. Mr. ‘Alien, 
however, Tefers to controllable factors subject to job management. Tardive 
s One of the “most frequent decisions that a contractor is called upon to 
make, i is whether to use the equipment he already owns, which i is not properly 
adapted, economically, the ‘particular job in question, or to purchase new 
ae and proper ¢ equipment of a size and type to handle the work to the best advar n- 
In other words, , will the in increased of new exceed 


Ps : 


jet Nore ——The paper by T. Warren Allen, M. Am. Soc. C. E., was presented at re ) 
meeting of the Highway Division, New York, N. Y., January 16, 1930, and published aa 
§ eptember, 1931, Proceedings. This discussion is printed in Proceedings in order that the ae 
Views expressed may be brought before all members for further discussion. nIa79 Thru 
“Sales Mgr., Koehring Shovel and Crane Dir., National ui ment ration, Mi 
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that time by 


‘the needed new may be more expedient, or even 


- more profitable, i in the end to use his old and less efficient. equipment. a 


On the other hand, because of an inherent, natural reluctance | on the part 


of every one to scrap anything of value, contractors will frequently keep 
and use -obsolescent equipment that is still mechanically in good condition, 


a. but “out of. step” with newer methods and faster operation, . Ast study. of rela- 
“i tive output ‘and cost of operation will often show ‘that it ‘wanda be more profit- 


able to run the obsolescent equipment over ‘the bank—use it as a part of 
viet: here is often a wide range between the cost to own and the cost to 


ie. ‘operate. One « can 1 well afford to pay y considerably - more than the average price 


for equipment, , provided the increased earnings within a reasonable length 


. time will exceed the sum of the increase in first cost, depreciation, and 


_ Among _the major delays, ‘Mr. Allen mentions 10$% lost time due to 


to ‘the | shovel | and other equipment. However, he “does not state the 


The writer’ s records covering eleven shovels 
and dragline excavators, over a period of six years, show an average of only 


= 8% delay for repairs of sufficient duration to cause a record on the daily 


report Blanks. ‘Such delays are affected by so many things that ‘may or “may 
“not “be ‘controllable by management that it is impossible, in estimating, to 


ee depend on any given range of minimum and maximum repair time figures 


: that would not be excessive. For o rdinary and usual conditions, a range of 
8 to 10% would be’ adequate where equipment ‘is maintained in reasonably 


proper condition. The closer the inspection and the better the upkeep man- 
agement, the less will be the amount of upkeep delays. 


Oe 
‘Speaking generally, the more common causes of major delays are 
ittided equipment and lack of foresight in planning operations. For example, 
in rock work the drilling and blasting are frequently allowed to tie up expen- j 


‘s -_ sive equipment through: the use of the wrong s size or kind of drills, lack of 


g and character of “charges 


Bi ‘other work, as Mr. Allen 1 very clearly iiidféates: 0 one of the greatest bre 


: loss is the difficulty in balancing and dispatching the hauling equipment. a 


= The Teal savings, however, are usually to be effected through close per- 
al supervision to keep down th the minor, or Class B, delays, since they are § 
largely subject to management control. Mr. Allen refers to improper placing 


of hauling ‘equipment relation to the on grading work as 


proper width: of hank height of ent 
give the most ecotitmiéal results 1 in bank work through deep cuts. 


Pre-analysis of jobs, with ¢ determination: ‘of general plan and 

work: before bidding, supplemented afterward with time studies and dis 
4 tributed costs, is the great need, instead of so much blind and hungry bidding J 
Ke - with ever- springing hope a ar nd faith i in Providence to show the sueciahe 


ent his costs in two after the award has been made 
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COMMITTEE OF SURVEYING AND MAPPING DIVISION 


4 
a: Soc. C. E. (by letter In view of the fact that a _ 


ae part of the United States is subdivided according to the rectangular — 


system, specific mention of the monuments set in the original Government 
“survey should be made in the specifications. 


Those monuments, when 1 recovered, should be perpetuated by means of suit- 
markers, preferably metallic, and properly referenced’ to ‘near-by 


: by not less than four Jinear measurements. _ They should also be tied to each — 


6 other and to the nearest triangulation system monuments of the U. 8. Coast 
a and Geodetic Survey by means of triangulation or traverse, or a combination 
the two, ‘depending upon local circumstances. The record of the 


original monuments, and the “accompanying informatio 


rel 
their location, , Should be placed on file as recommended by the C 


it is a fact, ‘unfortunately, that the records. now available of such corners as 


been Tecovered generally fail to show ‘the a1 angular relation of one line 
. another in the boundaries of the Government subdivisions. Although this 


information w was intended to I be shown in the original 1 notes, the discrepanci 


between the actual conditions and the recorded information are s so that, 
in all fairness” to others who may wish to recover the corners s 
the re- -surveyor should show the actual lengths of lines and ‘bearings 


“with reference. to one. another, , as well : as their true position geographically, 

by a ‘system | of rectangular co- -ordinates referred to the system 

the Coast and Geodetic Survey. 


—The Specifications for Boundar by. the. ‘Committee of 
_ putveying and Mapping Division on Boundary Surveys, was published in May, 1931, 
_ £roceedings. Discussion of the pa per has appeared in Proceedings, as follows: 

_ ber, 1931, by Messrs. George M. Bleekman, G. D. Whitmore, and Witham Ww. 

‘Associate Prof., Civ. Eng. Dept., Iowa State Coll 
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for Errors.” Very frequently, a dispute arises as to the 
tion ¢ of one of the lines bounding « a | pareel of land described according to the - 


rectangular system. In such a case, if the monuments at both ends of f such 


‘ a line can be recovered, there certainly i is no need to run a ae survey 
‘around any of the land par artly bounded by that line. 


ee surveys is that the work be properly monumented. Next to that in impor- 
tance, of course, is that the distances and angles be accurately measured and» 


recorded. It should be remembered, however, that if the actual monuments 4 
can be recovered the property is thereby positively identified. ‘is 


In the next ‘to ) the last paragraph of the Committee’ s report, a very good 


point: is made, that prospective purchasers | should be shown the monuments. 


a =) limiting the boundaries of the real property. = The writer would amend this to 
provide that a certified plat showi ng the location. of the tract in question, 


geographically, and its dimensions both linear and angular, should be accept-— 

able in lieu of an actual examination of the property by the prospective pur- 


* chaser. In other words, before title to a piece of property passes, a | competent 


ae and plat should be made : a part of tl the ‘permanent title record just as 


arts of the United States 


not the importance of the survey in 1 connection with real ‘prop: 
erty titles and yet, frequently, in the part: of the North American Continent > 


= covered by. a rectangular system of surveys, errors of 10% or more frequently 
occur in the area of tl the land being transferred. — A survey i in any such case” 


would show the area of land being transferred and would eliminate ‘the pos- 
sibility of much misunderstandin me a8 to the | actual | pr opert 
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